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INTRODUCTION 

Seasonal  ponds,  otherwise  known  also  as  vernal, 
autumnal  or  ephemeral  pools,  are  an  important  wetland 
habitat  for  a  variety  of  amphibians,  reptiles,  birds,  and 
aquatic  invertebrates  (Baker  et  ah,  1992;  Kenk,  1949; 
LaClaire  &  Franz,  1990;  Mahoney  et  ah,  1990;  Moler  & 
Franz,  1987;  Wiggins  et  ah,  1980).  Many  species  of 
amphibians  and  crustaceans  (e.g.,  clam  and  fairy  shrimps) 
are  dependent  on  these  temporary,  fish-free  environments 
for  some  or  all  of  their  life  cycles. 

A  variety  of  unique  pond  habitats  occur  along  the 
Atlantic  Coastal  Plain  of  North  America,  ranging  from  the 
Maritime  Provinces  in  Canada  south  to  Florida;  these 
ponds  are  of  various  origin  and  known  as  kettle  holes, 
sinkhole  ponds,  Delmarva  bays,  Carolina  bays  and 
cvpress-gum  ponds.  They  vary  greatly  in  size  and 
hydroperiod;  some  are  temporary  whereas  others  are 
permanent  or  nearly  so.  These  habitats  are  perhaps  best 
known  for  the  many  endemic  plants  that  they  support 
(e  g..  Some,  1 994).  A  number  of  amphibians  and  reptiles, 
as  well  as  several  species  of  dragonflies  and  damselflies 
(Odonata)  are  also  characteristic  of  these  habitats  (Carle, 
1989;  Carpenter,  1991;  Gibbons  &  Semlitsch,  1991;  May 
&  Carle,  1996).  Although  they  are  fewer  in  number  and 
less  extensive  in  distribution  than  in  many  states  to  the 
north  and  south,  the  Coastal  Plain  ponds  of  Virginia 
remain  relatively  poorly  studied  from  a  zoological 
perspective. 

The  Grafton  Ponds  area  of  York  County  and  the  City' 
of  Newport  News  on  the  Lower  Peninsula  of  Virginia 
(Figure  1 )  is  regarded  as  the  best  remaining  example  of  a 
Coastal  Plain  sinkhole  pond  complex  in  the  state, 


‘Present  address  of  DJS:  DPW,  ENRD.  Fish  and  Wildlife 
Branch,  AFZP-DEV-W.  Fort  Stewart,  GA  31314 


representing  an  exemplary  occurrence  of  this  rare  natural 
community  type  (Clampitt,  1992;  Clark,  1998,  Rawinski, 
1997b;  Sankey  &  Schwenneker,  1993).  This  complex 
consists  of  more  than  100  vernal  ponds  ranging  in  size 
from  about  1 0  m  to  more  than  1 00  m  in  diameter,  and  in 
shape  from  nearly  circular  to  elliptical.  Some  of  the 
ponds  are  believed  to  be  several  hundred  thousand  years 
old  (Clark,  1998).  The  area  in  which  they  occur  is 
underlain  by  marine  silts  and  sands  of  the  Chuckatuck 
Formation,  which  in  turn  are  underlain  by  carbonate-rich 
sediments  of  the  Yorktown  Formation  (Johnson,  1972; 
Mixon  et  al.,  1989). 

The  Grafton  Ponds  sinkhole  complex  lies  within  a 
rapidly  expanding  urban  area;  some  ponds  have  been 
destroyed  in  the  past  by  commercial  and  residential 
development.  Many  of  the  ponds  in  York  County  are 
located  on  property  owned  and  managed  by  the 
Waterworks  Department  of  the  City  of  Newport  News, 
thus  potentially  affording  some  or  all  of  them  protection 
from  adverse  impacts.  However,  the  area  has  a  history  of 
logging  and  conversion  to  pine  plantations.  In  January  of 
1995,  a  151  ha  portion  at  the  northern  end  of  the  city' 
property  was  formally  dedicated  as  a  state  Natural  Area 
Preserve  (Clark,  1998);  this  designation  is  intended  to 
protect  the  area  in  perpetuity. 

The  present  inventory  was  part  of  a  multidisciplinary 
study  conducted  for  the  U.S.  Environmental  Protection 
Agency  by  the  Virginia  Department  of  Conservation  and 
Recreation,  Division  of  Natural  Heritage  (DCR-DNH)  to 
prepare  an  ecological  community  classification  of  the 
sinkhole  pond  complex,  conduct  baseline  zoological 
surveys,  and  prepare  a  natural  resource  management  plan 
for  the  Natural  Area  Preserve.  The  results  of  the 
community  classification  and  the  management  plan  can  be 
found  in  the  reports  by  Rawinski  (1997b)  and  Clark 
( 1 998),  respectively.  This  paper  presents  the  results  of  a 
portion  of  the  zoological  inventory. 
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Previous  zoological  surveys  of  the  Grafton  Ponds  area 
include  a  preliminary  report  on  the  avifauna  (Sankey  & 
Schwenneker,  1 993)  and  observations  of  waterfowl  use  of 
the  ponds  (Rawinski,  1997a,b).  Scattered  records  of 
Odonata  (dragonflies  and  damselflies)  and  fish  from  the 
Lower  Peninsula,  although  none  known  to  have  been 
obtained  specifically  within  the  Grafton  Ponds  area,  are 
included  in  the  works  of  Carle  (1982),  Davis  (1938),  and 
Jenkins  &  Burkhead  (1993).  Previous  DCR-DNH 
collections  of  Odonata  from  the  study  area  were 
apparently  limited  to  five  dragonfly  species  taken  by  Kurt 
A.  Buhlmann  on  16  April  1990  and  several  specimens  of 
Sympetrum  vicinum  collected  by  K.  E.  Perry  on  8 
November  1988. 

The  primary  purpose  of  the  zoological  inventory  was 
to  obtain  baseline  data  on  the  use  of  specific  ponds  in  the 
Grafton  Ponds  sinkhole  complex  by  amphibians,  reptiles, 
fish,  and  Odonata,  with  a  particular  emphasis  on 
endangered,  threatened,  and  rare  species.  Other  study 
objectives  were  to  evaluate  the  survey  data  for  any 
obvious  patterns  of  distribution  and  to  identify  the  most 
significant  ponds  for  these  taxa.  The  results  of  the  fish 
and  Odonata  surveys,  as  well  as  incidental  observations 
on  birds,  are  included  in  this  paper. 

The  Odonata  the  best  known  group  of  aquatic  insects 
in  Virginia;  the  distribution  and  status  of  most  other 
aquatic  invertebrate  groups  (except  freshwater  mussels)  in 
the  state  is  poorly  known  by  comparison.  Carle  (1979, 
1982,  1991)  and  Roble  (1994)  have  reviewed  the  status  of 
the  various  dragonflies  and  damselflies  in  the  state.  DCR- 
DNH  has  conducted  extensive  surveys  for  Odonata  in 
Virginia  during  the  past  decade.  These  surveys  have 
demonstrated  that  numerous  species  that  were  thought  to 
be  rare  or  uncommon  in  the  state  only  a  decade  ago  are  in 
fact  more  widely  distributed,  whereas  other  species  have 
been  confirmed  to  be  quite  rare  and  local  (e.g.,  Roble  et 
al.,  1997;  Stevenson  et  al,  1996).  Recent  surveys  in 
Caroline  County  revealed  a  good  correlation  between  the 
presence  of  rare  and  uncommon  species  of  Odonata  and 
the  existence  of  exemplary  Coastal  Plain  ponds  (Roble  & 
Hobson,  1996). 

STUDY  AREA  AND  METHODS 

Study  ponds  were  selected  after  conducting  extensive 
reconnaissance  visits  with  DCR-DNH  vegetation 
community  ecologists  during  the  spring  of  1995  to  most 
of  the  ponds  in  the  Grafton  Ponds  area.  The  19  ponds 
targeted  for  intensive  inventory  during  that  year  were 
chosen  primarily  for  their  potential  to  support  breeding 
amphibian  populations.  This  proved  to  be  a  “dry’'  year 
(i.e.,  below  average  precipitation;  Rawinski,  1997b)  and 
most  of  the  ponds  dried  up  prematurely  in  spring  or  early 
summer,  somewhat  hindering  the  zoological  surveys. 


Many  pond  basins  were  already  dry  or  nearly  so  upon 
their  first  visit  of  that  year.  During  1 996,  all  but  two  of 
these  1 9  ponds  were  resampled.  During  this  “wet”  year 
(above  average  precipitation),  zoological  surveys  were 
expanded  to  include  3 1  other  ponds  in  the  study  area  in  an 
effort  to  locate  additional  breeding  sites  of  rare  amphibian 
species,  particularly  the  Mabee’s  salamander  ( Ambystoma 
rnabeei).  Many  ponds  retained  water  during  that  entire 
year  (Rawinski,  1997b).  In  1997,  a  limited  number  of 
visits  were  made  to  the  most  significant  ponds  identified 
during  the  first  two  years  of  the  study.  Most  ponds  dried 
up  in  July  or  August  during  1997,  and  all  were  dry  by  the 
mid- September.  Two  brief  visits  were  made  to  the  study 
area  in  the  spring  of  1998,  when  all  three  ponds  sampled 
were  filled  to  capacity.  Field  work  for  this  study  was 
initiated  in  early  April  of  1995  and  completed  in  mid- 
April  of  1998.  Stevenson  made  most  of  the  observations 
through  April  1996,  whereas  nearly  all  subsequent 
observations  were  obtained  by  Roble. 

Adult  Odonata  were  captured  with  standard  insect  nets 
or  identified  in  flight.  Limited  sampling  of  larvae  was 
also  conducted.  We  surveyed  for  Odonata  at  34  study 
ponds  (including  20  on  the  Natural  Area  Preserve)  and 
maintained  records  of  all  species  that  were  encountered 
during  each  pond  visit,  as  well  as  other  species  noted  in 
the  Grafton  Ponds  area  but  not  found  in  association  with 
a  specific  pond.  In  addition  to  the  sinkhole  ponds,  we 
surveyed  McC alley  Run,  a  second  order  tributary  of 
Beaverdam  Creek,  briefly  on  several  occasions  for  the 
presence  of  adult  Odonata.  This  area  is  located  along  the 
northwestern  boundary  of  the  Natural  Area  Preserve 
(Figure  1).  We  also  examined  the  few  specimens  that 
were  collected  in  the  Grafton  Ponds  area  during  1 988-90 
by  DCR-DNH  biologists  to  determine  if  any  species  were 
taken  in  addition  to  those  documented  during  the  present 
study  (none  were  different).  Identifications  of  adult 
Odonata  were  made  using  the  descriptions,  illustrations, 
and  keys  in  Carpenter  (1991),  Dunkle  (1989,  1990), 
Needham  &  Westfall  (1955),  and  Westfall  &  May  (1996). 
Representative  voucher  specimens  of  adult  and  larval 
Odonata  were  collected  for  positive  identification  and 
documentation  of  the  Grafton  Ponds  fauna.  Most  of  these 
specimens  will  be  deposited  in  the  recent  invertebrate 
collection  of  the  Virginia  Museum  of  Natural  History;  a 
few  will  also  be  donated  to  the  National  Museum  of 
Natural  Flistory  (Smithsonian  Institution).  The  common 
names  of  Odonata  used  in  this  report  follow  those  recently 
adopted  by  the  Dragonfly  Society  of  the  Americas  (1996). 

We  surveyed  for  fish  on  at  least  one  occasion  at  50 
ponds  (including  26  on  the  Natural  Area  Preserve)  using 
dip  nets  (primarily),  seines,  funnel  traps,  and  minnow 
traps.  Many  of  the  bird  species  that  we  observed  or  heard 
incidental  to  the  pond  surveys  were  noted,  but  formal 
censuses  were  not  conducted  during  this  study.  Further- 
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Fig.  1 .  General  location  of  the  Grafton  Ponds  area.  The  solid  line  indicates  the  boundary  of  the  Natural  Area 

Preserve.  Ponds  are  depicted  as  darkened  areas. 
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Table  1.  Odonata  documented  in  the  Grafton  Ponds  area,  1995-98. 


Scientific  Name 

Common  Name 

#  of 
ponds 

%of 

ponds 

Relative 

abundance 

Zygoptera 

Damselflies 

- 

Calopteryx  maculate ra 

Ebony  Jewelwing 

(1) 

- 

Common 

Enallagma  aspersum 

Azure  Bluet 

3 

8.8 

Uncommon 

E.  civile 

Familiar  Bluet 

2 

5.9 

Rare 

E.  geminatum 

Skimming  Bluet 

2 

5.9 

Uncommon 

E.  signatum 

Orange  Bluet 

3 

8.8 

Uncommon 

Ischnura  hastata 

Citnne  Forktail 

11 

32.4 

Common 

I.  posita 

Fragile  Forktail 

20 

58.8 

Abundant 

I.  prognata 

Furtive  Forktail 

8 

23.5 

Uncommon 

I.  ramburii 

Rambur’s  Forktail 

2 

5.9 

Rare 

Lestes  disjunctus  australis 

Common  Spreadwing 

18 

52.9 

Common 

L.  rectangularis 

Slender  Spreadwing 

16 

47.0 

Common 

Telebasis  byersi 

Duckweed  Firetail 

3 

8.8 

Rare 

Anisoptera 

Dragonflies 

Anax  junius 

Common  Green  Darner 

17 

50.0 

Common 

A.  longipes 

Comet  Darner 

1 

2.9 

Rare 

Celithemis  eponina 

Halloween  Pennant 

4 

11.8 

Uncommon 

Cordulegaster  maculated 

Twin-spotted  Spiketail 

(1) 

- 

Uncommon 

Epiaeschna  heros 

Swamp  Darner 

18 

52.9 

Common 

Epitheca  cynosura 

Common  Baskettail 

7 

20.6 

Uncommon 

Erythemis  simplicicollis 

Eastern  Pondhawk 

15 

44.1 

Abundant 

Erythrodiplax  minuscula 

Little  Blue  Dragonlet 

1 

2.9 

Rare 

Gomphaeschna  furcillata  b 

Harlequin  Darner 

0 

0.0 

Rare 

Gomphus  lividus a 

Ashy  Clubtail 

(2) 

- 

Common 

Libellula  auripennis 

Golden-winged  Skimmer 

1 

2.9 

Rare 

L.  axilena 

Bar-winged  Skimmer 

16 

47.0 

Common 

L.  deplanata 

Blue  Corporal 

3 

8.8 

Uncommon 

L.  incesta 

Slaty  Skimmer 

2 

5.9 

Uncommon 

L.  luctuosa  b 

Widow  Skimmer 

0 

0.0 

Rare 

L.  lydia 

Common  Whitetail 

11 

32.4 

Common 

L.  pulchella 

Twelve-spotted  Skimmer 

1 

2.9 

Rare 

L.  semifasciata 

Painted  Skimmer 

12 

35.3 

Common 

L.  vibrans 

Great  Blue  Skimmer 

7 

20.6 

Common 

Pachydiplax  longipennis 

Blue  Dasher 

17 

50.0 

Abundant 

Pantala  flavescens 

Wandering  Glider 

1 

2.9 

Rare 

P.  hymenaea 

Spot-winged  Glider 

1 

2.9 

Rare 

Perithemis  tenera 

Eastern  Amberwing 

2 

5.9 

Rare 

Sympetrum  ambiguum 

Blue-faced  Meadowhawk 

9 

26.5 

Uncommon 

S.  vicinum 

Yellow-legged  Meadowhawk 

1 

2.9 

Uncommon 

Tramea  Carolina 

Carolina  Saddlebags 

8 

23.5 

Common 

T.  lacerata 

Black  Saddlebags 

2 

5.9 

Rare 

aStream-breedmg  species  that  occur  primarily  along  McCalley  Run  (relative  abundance  estimate  pertains 
to  this  population). 

bRecorded  once  in  the  study  area,  but  away  from  ponds. 
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more,  we  did  not  make  a  conscientious  effort  to  record  all  Table  2.  Species  diversity  of  Odonata  at  Grafton  Ponds 
ol  our  bird  sightings.  as  compared  to  the  Odonata  fauna  of  Virginia. 


RESULTS 


Odonata 

A  total  of  39  species  of  Odonata  (12  damselflies  and 
27  dragonflies)  was  recorded  in  the  study  area  (Table  1). 
Most  of  these  species  are  common  and  widespread  in 
Virginia;  five  others  are  uncommon  in  the  state  and  have 
been  placed  on  the  DCR-DNH  Animal  Watchhst,  whereas 
two  are  monitored  as  state  rare  species.  Three  of  the  39 
species  breed  in  lotic  environments,  typically  small 
streams,  and  were  recorded  along  McCalley  Run,  as  well 
as  1-2  ponds  each  (usually  single  individuals).  They  are 
the  ebony  jewel  wing  ( Calopteryx  maculata ),  twm-spotted 
spiketail  ( Cordulegaster  maculata ),  and  ashy  clubtail 
( Gomphus  lividus).  Two  other  species,  the  harlequin 
darner  ( Gomphaeschna  furcillata )  and  the  widow 
skimmer  ( Libellula  luctuosa),  were  both  recorded  in  the 
study  area  only  once  (the  former  may  have  been  seen  on 
two  other  dates),  but  not  in  association  with  a  particular 
study  pond.  The  harlequin  darner  is  relatively  uncommon 
in  Virginia  and  typically  breeds  in  boggy  ponds  and 
swamps.  Eleven  species  were  recorded  at  10  or  more  of 
the  34  Odonata  study  ponds,  whereas  17  (47%)  of  the 
non-stream  species  (i.e.,  lentic  breeders)  were 
documented  at  only  1  -3  ponds  (Table  1). 

Thirty-two  of  the  39  (82%)  species  recorded  during 
the  entire  study,  including  11  of  1 2  (92%)  damselflies, 
were  found  by  the  end  of  the  first  field  season.  A  total 
figure  in  the  range  of  45-50  species  of  Odonata  appears 
likely  for  the  Grafton  Ponds  area.  Species  recorded  from 
southeastern  Virginia  (Carle,  1982;  Davis,  1938;  Matta, 
1978;  Roble  et  al.,  1997)  that  potentially  inhabit  some  of 
the  ponds,  but  which  were  not  documented  during  this 
study,  include  the  swamp  spreadwing  (. Lestes  vigilax ), 
elegant  spreadwing  ( Lestes  inaequalis ),  lancet  clubtail 
{Gomphus  exilis ),  unicorn  clubtail  {Arigomphus 
villosipes ),  shadow  darner  {Aeshna  umbrosa),  spangled 
skimmer  {Libellula  cyanea),  and  several  species  of 
pennants  (genus  Celithemis ).  Two  of  these  species  (G. 
exilis  and  A.  umbrosa)  may  have  been  seen  once  or  twice 
each  during  this  study,  but  our  observations  were  too  brief 
or  distant  to  allow  for  positive  identifications.  The 
springtime  damer  {Basiaeschna  janata ),  a  stream- 
breeding  species,  may  inhabit  McCalley  Run,  but  it  was 
not  recorded  during  our  surveys.  Relative  to  the  entire 
Odonata  fauna  of  Virginia,  the  fauna  that  inhabits  the 
Grafton  Ponds  sinkhole  complex  is  not  particularly 
diverse,  containing  less  than  25%  of  the  state’s  species 
(Table  2).  The  small  size  and  seasonal  nature  of  most 
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Calopterygidae 

1 

7 

14.3 

Lestidae 

2 

10 

20.0 

Coenagnonidae 

9 

37 

24.3 

Total  Zygoptera 

12 

54 

22.2 

Petaluridae 

0 

I 

0.0 

Aeshnidae 

4 

16 

25.0 

Gomphidae 

1 

391 

2.6 

Cordulegastridae 

1 

5 

20.0 

Corduliidae 

1 

19 

5.3 

Macromiidae 

0 

5 

0.0 

Libellulidae 

20 

43b 

46.5 

Total  Anisoptera 

27 

128 

21.1 

Total  Odonata 

39 

182 

21.4 

aExcludes  one  reported  but  unconfirmed  species 
bExcludes  one  accidental  and  one  unconfirmed  species 


ponds  probably  accounts  to  a  large  degree  for  the 
relatively  low  species  diversity. 

No  evidence  of  Odonata  was  obtained  at  10  of  the  34 
(29%)  study  ponds,  whereas  up  to  30  species  were 
recorded  at  the  other  ponds  (Figure  2).  More  than  a  dozen 
species  were  present  at  only  six  ponds.  More  intensive 
sampling  of  all  ponds  probably  would  have  increased 
their  individual  species  totals.  Several  of  the  dragonflies 
that  we  recorded  in  the  Grafton  Ponds  area  may  not  breed 
at  any  of  the  seasonal  ponds,  but  rather  were  possibly 
strays  from  nearby,  permanent  bodies  of  water  (e.g., 
Libellula  incesta  and  L.  luctuosa).  A  few  other  species 
(e.g.,  Pantala  flavescens,  Tramea  lacerata,  and  possibly 
Libellula  pulchella)  are  known  or  suspected  migrants  that 
disperse  widely  in  late  summer  and  fall  (Dunkle,  1989; 
May  1992). 

Adult  Odonata  were  recorded  in  the  Grafton  Ponds 
area  between  30  March  and  18  December.  Many  species 
were  found  on  only  a  few  surveys,  whereas  others  were 
recorded  on  numerous  visits  (Table  3).  The  yellow¬ 
legged  meadowhawk  {Sympetrum  vicimim)  was 
moderately  common  on  18  December  1996,  when 
approximately  25  adults,  including  two  mating  pairs,  were 
observed  at  three  of  the  seven  ponds  surveyed  on  that 
date.  Needham  &  Westfall  (1955)  listed  its  known  flight 
period  as  2  June  to  13  December,  whereas  Carle  (1982) 
gave  28  May  to  13  December,  with  the  latest  recorded 
date  for  Virginia  being  22  November.  Based  on  our 
review  of  additional  literature,  the  Grafton  record  appears 
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Fig.  2.  Documented  number  of  Odonata  species  per  study  pond. 
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to  establish  a  new  late  date  for  this  species.  Despite 
relatively  mild  weather  during  the  latter  half  of  December 
1996,  adult  Odonata  were  not  observed  dunng  pond 
surveys  conducted  on  3  January  1997. 

The  most  notable  species  of  Odonata  recorded  at 
Grafton  Ponds  were  the  duckweed  firetail  ( Telebasis 
byersi ),  comet  darner  (An ax  longipes ),  and  furtive  forktail 
(Ischnura  prognata).  Davis  (1938)  did  not  record  any  of 
these  species  from  the  Lower  Peninsula,  although  she 
subsequently  collected  a  single  male  of  the  latter  on  25 
May  1938  in  Williamsburg  (Roble,  1994).  Only  one  other 
recent  record  of  this  species  (Sussex  County)  was  known 
from  Virginia  prior  to  the  present  study  (Roble,  1994);  it 
is  generally  scarce  throughout  its  range  in  the 
southeastern  United  States  (Dunkle,  1990).  Carle  (1979) 
knew  of  only  two  Virginia  localities  for  A.  longipes ,  a 
large,  very  distinctive  dragonfly  (males  have  bright  red 
abdomens),  and  considered  it  to  be  rare  in  the  state.  His 
subsequent  compilation  of  dragonfly  records  for  Virginia 
(Carle,  1982)  added  a  third  locality  to  his  total,  the  nearest 
to  the  Grafton  Ponds  study  area  being  in  Charles  City 
County.  Roble  &  Hobson  (1996)  reported  three 
additional  sites  for  this  species  in  the  state.  Although  A. 
longipes  is  not  globally  rare,  this  species  is  considered 
rare  to  uncommon  in  virtually  all  of  the  states  throughout 
its  range  (e.g..  Carle,  1989;  Carpenter,  1991). 

The  duckweed  firetail,  the  males  of  which  have  scarlet 
red  abdomens,  is  a  small  southern  damselfly  that  was 
known  only  as  far  north  as  Merchants  Millpond  in  Gates 


County,  North  Carolina  (Westfall,  1957)  prior  to  its 
discovery  in  the  Grafton  Ponds  area  during  1995.  It  was 
subsequently  discovered  at  a  second  site  (Carolme 
County)  farther  north  in  the  Coastal  Plain  of  Virginia 
during  that  same  year  (Roble  &  Stevenson,  1996).  More 
recently,  the  third  Virginia  locality  for  T.  byersi  was 
discovered  by  Roble,  who  found  this  species  on  2  July 
1998  in  a  cypress  swamp  along  the  Nottoway  River 
within  the  Chub  Sandhill  Natural  Area  Preserve  in  Sussex 
County.  Dunkle  ( 1 990)  reported  that  T.  byersi  is  found  in 
semi-shaded  lentic  wetlands  (e  g.,  swamps)  containing 
abundant  mats  of  floating  vegetation  such  as  duckweed 
(Lemnaceae);  this  type  of  habitat  is  rare  in  the  study  area. 
The  duckweed  firetail  was  first  documented  at  Grafton 
Ponds  (and  Virginia)  on  27  June  1995,  when  we  captured 
a  single  male.  It  was  not  recorded  in  the  study  area  again 
until  another  lone  male  was  observed  very  briefly  at  a 
second  pond  on  2  July  1 996.  During  the  summer  of  1 996, 
Carolina  mosquito-fern  ( Azolla  caroliniana)  nearly 
covered  the  surface  of  one  study  pond,  but  T.  byersi  was 
not  found  at  this  site.  Evidence  of  breeding  by  this 
damselfly  at  Grafton  Ponds  was  not  obtained  until  1 6  July 
1 997,  when  a  dozen  adults,  including  six  males  and  three 
mated  pairs,  were  discovered  amongst  sedges  in  shallow 
water  at  a  third  pond.  Three  adult  males  of  A.  longipes 
were  also  present  at  this  pond  during  the  same  visit.  This 
pond  had  been  surveyed  on  numerous  previous  occasions 
without  any  sign  of  either  of  these  species.  Water  levels 
at  this  pond  dropped  significantly  by  5  September  1997, 
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when  it  was  reduced  to  a  shallow,  remnant  pool;  the  pond 
basin  was  completely  dry  two  weeks  later.  Consequently, 
it  is  unlikely  that  either  species  successfully  reproduced 
in  the  pond  that  year.  Although  A.  longipes  is  a  strong 
flier  and  probably  capable  of  considerable  dispersal 
movements,  the  presence  of  multiple  individuals  at  this 
pond  suggests  that  it  may  serve  as  a  breeding  site. 
However,  a  conclusive  determination  as  to  whether  or  not 
this  pond  functions  as  a  regular  (and  successful)  breeding 
site  for  either  or  both  of  these  species  will  require 
additional  field  surveys. 

The  furtive  forktail  was  known  from  only  two  sites 
(one  was  histone  as  noted  above)  in  Virginia  prior  to  the 
initiation  of  this  study  (Roble,  1994).  However,  we 
recorded  this  species  at  eight  of  the  study  ponds;  several 
adults  were  also  found  along  a  Waterworks  Department 
service  road  well  removed  from  these  ponds,  suggesting 
the  likelihood  of  an  additional  breeding  site.  A  male  that 
was  captured  on  16  April  1998  represents  a  new  early 
flight  date  for  Virginia,  eclipsing  the  22  April  record 
reported  by  Roble  et  al.  (1997).  Our  latest  record  (17 
August)  for  I.  prognata  was  of  a  teneral  female.  This 
formerly  elusive  species  has  been  found  at  approximately 
a  dozen  other  sites  (mostly  cypress-gum  swamps)  in  the 
state  during  the  past  three  years,  indicating  that  it  had 
been  undersurveyed  in  the  past  (Roble  et  al.,  1997; 
Stevenson  et  al.,  1995).  Unlike  virtually  all  other  species 
of  Odonata  that  we  recorded  during  this  study,  I.  prognata 
prefers  heavily  shaded  (rather  than  sunny)  ponds  and 
swamps. 

Roble  observed  several  instances  of  predation  on  adult 
Odonata  that  are  worthy  of  brief  mention.  A  fishing 
spider  ( Dolomedes  triton )  was  found  feeding  on  a  female 
Lestes  rectangularis  on  2 1  June  1 996  and  a  Great  Crested 
Flycatcher  ( Myiarchus  crinitus)  was  observed  capturing 
adult  dragonflies  (most  were  probably  Libellula  axilena) 
at  another  large  pond  on  2  July  1996.  Finally,  a  mature 
male  Ischnura  posita  preyed  on  a  teneral  female  I. 
hastata. 

Fish 

Considering  the  seasonal  nature  of  all  ponds  in  the 
Grafton  Ponds  sinkhole  complex  and  the  fact  that  each 
lacks  an  inlet  or  outlet,  we  assumed  that  fish  were  absent 
from  the  study  area  (exclusive  of  McC alley  Run). 
Virtually  every  species  of  freshwater  fish  that  inhabits 
Virginia  requires  water  year-round  for  survival  (Jenkins 
&  Burkhead,  1 993).  Therefore,  as  expected,  fish  were  not 
recorded  during  any  of  the  pond  surveys  conducted  in 
1995  and  1996.  However,  on  5  September  1997,  Roble 
discovered  at  least  20  eastern  mudminnows  ( Umbra 
pvgmaea )  in  a  vestigial  pool  near  the  center  of  the  nearly 


dry  basin  of  one  of  the  largest  ponds  in  the  sinkhole 
complex.  Several  dozen  southern  leopard  frog  ( Rana 
sphenocephala )  tadpoles,  as  well  as  hundreds  of 
dragonfly  larvae,  were  also  present  in  the  pool  The  entire 
pond  was  completely  dry  when  it  was  revisited  two  weeks 
later  and  there  was  no  visible  evidence  of  any  fish, 
tadpoles  or  dragonfly  larvae  within  the  site  of  the  former 
pool.  This  pond  periodically  goes  dry,  although  it  is 
usually  one  of  the  last  ponds  in  the  sinkhole  complex  to 
do  so.  We  also  recorded  mudminnows  on  30  May  1996 
in  a  shallow  (<  30  cm),  marshy  area  within  a  powerline 
right-of-way  approximately  5  km  WNW  of  this  pond 
(north  of  the  Newport  News  City  Reservoir)  just  across 
the  Newport  News  city  line.  Jenkins  &  Burkhead  (1993) 
plotted  a  record  for  U.  pvgmaea  in  this  vicinity. 

Additional  surveys  for  fish  at  several  of  the  larger, 
deeper  and  less  ephemeral  ponds  may  also  reveal  the 
presence  of  U.  pvgmaea.  Although  Jenkins  &  Burkhead 
(1993)  reported  this  species  from  many  locations  in 
southeastern  Virginia,  including  two  sites  on  the  Lower 
Peninsula,  the  Grafton  Ponds  record  is  the  first 
documentation  for  York  County.  These  authors  report 
that  U.  pygmaea  uses  its  gas  bladder  as  a  lung  to  survive 
in  poorly  oxygenated  water  (e.g.,  as  ponds  shrink  in  size 
during  summer  and  become  warm  and  stagnant)  and 
aestivates  in  mud  during  drought  conditions.  Neill  (1951) 
noted  that  he  found  several  fish  species,  including  pirate 
perch  (Aphre  do  denis  sayanus )  and  tadpole  madtom 
(No turns  gyrinus ),  in  crayfish  burrows  in  Georgia  when 
flatwoods  cypress  ponds  were  dry.  It  seems  possible  that 
U.  pygmaea  might  be  able  to  survive  drought  in  this 
manner  also.  However,  no  crayfish  burrows  were  evident 
in  the  immediate  vicinity  of  the  dry  vestigial  pool  site 
during  the  survey  conducted  on  19  September  1997. 

Birds 

We  recorded  at  least  28  species  of  birds  in  the  Grafton 
Ponds  area  (Table  4)  that  were  not  included  in  the 
preliminary  list  of  40  species  (reported  as  4 1 )  prepared  by 
Sankev  &  Schwenneker  ( 1 993).  Their  status  designations 
of  “resident”  for  the  Brown  Creeper  (Cert  hi  a  americana) 
and  Yellow-rumped  Warbler  (Dendroica  coronata)  and 
“summer”  for  the  Blackpoll  Warbler  (Dendroica  striata ) 
are  questionable.  The  latter  is  present  in  the  Grafton 
Ponds  area  only  during  migration  and  the  other  two 
species  are  absent  during  the  summer  months.  Sankey  & 
Schwenneker  (1993)  also  listed  the  Mallard  (Anas 
platyrhynchos)  as  a  migrant,  but  our  observations  indicate 
that  at  least  one  pair  attempted  to  nest  in  the  Grafton 
Ponds  area.  Rawinski  (1997a,  b)  added  the  American 
Black  Duck  (Anas  ruhripes )  to  the  known  avifauna  ot  the 
Grafton  Ponds  area  based  on  a  Single  observation.  Avian 
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predators  of  fish  and  amphibians  that  we  observed  at  the 
study  ponds  include  the  Great  Blue  Heron  ( Ardea 
herodias)  and  Green  Heron  (Bu  tor  ides  striatus). 

DISCUSSION  AND  CONCLUSIONS 

The  first  step  m  conserving  biological  diversity  is  to 
conduct  inventories  of  the  flora  and  fauna  present  in  an 
area.  A  baseline  knowledge  of  the  biota  is  needed  before 
management  strategies  can  be  developed.  During  our 
three-year  inventory  of  the  fauna  of  the  Grafton  Ponds 
sinkhole  complex,  we  recorded  one  fish,  27  dragonfly  and 
12  damselfly  species.  Faunal  inventories  can  never  be 
considered  absolutely  complete  in  terms  of  their  ability  to 
detect  all  of  the  species  present  in  an  area.  Gibbons  et  al. 
(1997)  stress  the  need  for  long-term  sampling  to 
thoroughly  document  the  herpetofauna  of  a  particular 
area,  noting  that  cryptic  species  such  as  some  snakes  may 
take  years  or  even  decades  of  effort  to  discover,  especially 
if  the  survey  area  is  large. 

Few  species  accumulation  curves  are  available  to 
evaluate  the  efficiency  of  odonatological  inventories.  We 
are  aware  of  only  two  published  graphs  for  this  group  of 
insects.  These  were  prepared  by  Louton  et  al.  (1996)  for 
a  tropical  lowland  forest  site  in  Peru  and  by  Roble  & 
Hobson  (1996)  for  the  Fort  A.  P.  Hill  Military 
Reservation  in  the  Coastal  Plain  portion  of  Caroline 
County,  Virginia.  The  species  accumulation  curve 
derived  from  our  surveys  for  Odonata  at  Grafton  Ponds 
indicates  that  the  rate  of  discovery  of  new  species  was 
beginning  to  decline  in  the  latter  portion  of  the  study, 
although  additional  species  were  still  very  likely  to  be 
recorded  from  the  area  (Figure  3).  Our  previous  estimate 
of  45-50  total  species  for  the  area  seems  reasonable;  only 
39  species  were  verified  during  the  present  study.  The  34 
study  ponds  were  sampled  to  varying  degrees,  with  some 
visited  only  once  and  others  surveyed  numerous  times. 
Furthermore,  many  additional,  though  mostly  smaller, 
shallower,  or  more  ephemeral  ponds,  were  not  sampled  at 
all. 

Davis  (1938)  recorded  a  total  of  44  species  of  Odonata 
from  the  Lower  Peninsula  of  Virginia,  30  of  which  were 
found  during  the  present  study  (assuming  that  her  records 
of  the  sweetflag  spreadwing,  Lestes  forcipatus,  are 
referable  to  L.  disjunctus  australis ;  see  Walker,  1952).  Of 
the  remaining  14  species,  three  are  stream  dwellers,  one 
inhabits  seepages  and  two  others  are  typically  associated 
with  coastal  marshes  (as  is  Needham’s  skimmer,  Libellula 
needhami,  which  was  not  described  until  1943  and 
probably  comprises  most  or  all  of  Davis’  records  of  L. 
auripennis )  and  thus  were  not  expected  to  occur  at 
Grafton  Ponds.  The  origin  of  an  unlabelled  specimen  of 
the  four-spotted  skimmer,  Libellula  quadrimaculata ,  in 
the  entomological  collection  at  the  College  of  William 


and  Mary,  which  Davis  (1938)  presumed  to  have  been 
collected  in  Williamsburg,  is  uncertain.  There  are  no 
other  records  of  this  Holarctic  species  from  Virginia 
(Carle,  1982),  and  thus  we  believe  that  it  should  not  be 
regarded  as  a  verified  member  of  the  state’s  fauna. 
Suitable  breeding  habitat  (bogs)  does  not  exist  in  the 
Williamsburg  area;  however,  this  species  is  migratory, 
and  it  is  remotely  possible  that  an  adult  could  have 
wandered  this  far  south  (Carle,  1982). 

The  composition  of  the  Odonata  fauna  of  the  Grafton 
Ponds  area  is  varied,  and  includes  some  species  with 
predominantly  northern  (boreal)  or  southern  (austral) 
affinities,  as  well  as  numerous  species  that  have  broad 
distributions  in  eastern  North  American.  The  Odonata 
fauna  also  includes  several  transcontinental  species  as 
well  as  one  nearly  cosmopolitan  species  {Pantala 
flavescens).  Excluding  very  widespread  species,  the 
general  trend  is  biased  toward  austral  rather  than  boreal 
species.  Examples  of  southern  species  include  the 
duckweed  firetail,  furtive  forktail,  little  blue  dragonlet, 
and  great  blue  skimmer;  northern  species  include  the 
azure  bluet. 

The  diversity  (i.e.,  species  richness)  of  the  Odonata 
fauna  of  the  Grafton  Ponds  area  is  not  particularly  high 
relative  to  other  areas  in  the  state  or  region,  nor  is  the 
composition  of  this  fauna  unusual.  However,  few 
published  studies  are  available  from  specific  sites  in 
Virginia  or  the  region  that  allow  for  direct  comparisons. 
The  pond-breedmg  fauna  of  the  Grafton  Ponds  area  is 
compared  with  the  faunas  of  several  other  sites  in  Virginia 
and  the  eastern  United  States  in  Table  5.  We  readily 
acknowledge  that  a  number  of  factors,  including  survey 
methods,  size  of  study  area,  length  of  study,  and  type  of 
habitat  were  not  consistent  between  the  various  studies 
included  in  these  comparisons,  and  can  greatly  influence 
the  documented  faunal  composition  of  each  site. 

Orr  ( 1 996)  found  all  but  two  ( Ischnura  prognata  and 
Telebasis  byersi)  of  the  Grafton  Ponds  species,  including 
all  three  stream-breeders  that  we  recorded  along 
McCalley  Run  during  the  present  study,  at  the  Patuxent 
Wildlife  Research  Center  site  in  eastern  Maryland 
(highest  percent  overlap);  he  also  documented  many  other 
species  at  this  site  (hence  a  lower  percent  similarity 
value).  Only  three  of  the  Grafton  species  (/.  prognata , 
Libellula  pulchella,  and  Pantala  hymenaea)  were  not 
documented  by  Roble  &  Hobson  (1996)  at  the  Fort  A.  P. 
Hill  Military  Reservation  in  Caroline  County,  Virginia; 
most  of  their  survey  sites  were  beaver-impounded, 
naturally  acidic  Coastal  Plain  ponds  that  are  more 
permanent  and  heavily  vegetated  than  the  Grafton  ponds. 
Both  of  the  state  rare  Odonata  species  present  at  Grafton 
Ponds  (i.e.,  Anax  longipes  and  Telebasis  byersi)  occur  on 
Fort  A.P.  Hill,  as  do  numerous,  other  rate  and  uncommon 
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Fig.  3.  Species  accumulation  curve  for  Odonata  at  Grafton  Ponds. 


species  that  were  not  found  during  the  present  study.  The 
areas  surveyed  by  Orr  ( 1 996)  and  Roble  &  Hobson  ( 1 996) 
were  larger  than  the  Grafton  Ponds  study  area  and 
included  a  greater  variety  of  lentic  habitats,  somewhat 
complicating  these  comparisons.  However,  Roble  & 
Hobson  (1996:  38-39)  also  provide  data  on  their  six  most 
diverse  Odonata  survey  sites  at  the  Fort  A.  P.  Hill 
Military  Reservation.  The  number  of  pond-breeding 
species  recorded  at  these  sites  ranged  from  21  to  33, 
including  1-5  state  rare  species  and  5-1 1  Watchhst  species 
per  pond.  By  comparison,  only  two  study  ponds  in  the 
Grafton  Ponds  area  supported  at  least  20  species  of 
Odonata.  Two  state  rare  and  one  Watchhst  species  were 
recorded  at  the  most  species-rich  pond,  whereas  two 


Watchhst  species  were  present  at  the  other  pond.  Despite 
their  great  distance  from  Virginia,  most  of  the  study  sites 
from  the  other  states  that  are  included  in  T able  5  share  at 
least  two-thirds  of  the  Odonata  species  present  at  the 
Grafton  Ponds. 

Seasonal  ponds  are  unpredictable  in  their  occurrence 
in  time  and  space  and  may  be  regarded  as  ecological 
islands  of  habitat  for  species  that  are  dependent  on  them 
for  some  portion  of  their  life  cycle  (Ebert  &  Balko,  1 984; 
Holland  &  Jain,  1981).  Hydroperiod  data  obtained  by 
Rawinski  (1997b)  for  35  study  ponds  within  the  Grafton 
Ponds  sinkhole  complex  clearly  conform  to  this 
unpredictable  pattern.  Variation  in  annual  hydropenod 
duration  dramatically  affects  the  reproductive  success  of 
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most  species  that  inhabit  the  ponds,  such  that  entire 
cohorts  may  be  lost  to  premature  drying.  While  most 
members  of  the  local  amphibian  fauna  of  the  Grafton 
Ponds  are  adapted  to  persist  through  occasional  drought 
years,  many  of  the  dragonflies  and  damselflies  are  not. 
The  Grafton  Ponds  population  of  larval  Odonata  may  be 
almost  entirely  lost  in  some  years,  necessitating 
recolonization  from  other  sites.  Approximately  1.5  h  of 
extensive  dipnetting  on  1 6  April  1 998  at  the  last  pond  to 
dry  the  previous  fall  (=  the  pond  with  30  documented 
species  of  adult  Odonata)  failed  to  result  in  the  capture  of 
a  single  Odonata  nymph;  other  species  of  aquatic  insects 
were  generally  scarce  in  the  dipnet  samples,  whereas 
isopods  and  juvenile  crayfish  were  common.  With  the 
exception  of  members  of  the  genus  Lestes ,  which  often 
lay  their  eggs  above  the  water  line  and  exhibit  embryonic 
diapause  (primarily  for  overwinter  survival,  Westfall  & 
May,  1996),  most  of  the  damselflies  are  not  adapted  to 
tolerate  drought  conditions.  They  must  recolomze  the 
area  from  other  habitats  where  their  larvae  have  survived. 
The  larvae  of  some  of  the  dragonfly  species  documented 
during  this  inventory  may  have  behavioral  or 
physiological  adaptations  to  survive  drought,  whereas 
others  probably  must  recolomze  the  area  regularly. 

As  noted  earlier,  the  zoological  study  ponds  were 
divided  almost  equally  between  those  which  lie  within  as 
opposed  to  outside  of  the  Natural  Area  Preserve.  As 
Rawinski  (1997b)  demonstrated  for  the  flora,  the  faunal 
composition  of  some  of  the  most  southerly  ponds  may 
have  been  altered  by  clearing  of  the  forest  canopy.  For 
example,  several  Odonata,  most  species  of  which  prefer 
sunny  as  opposed  to  shaded  habitats,  and  certain 
amphibian  species  may  be  more  common  at  some  of  these 
ponds  than  they  were  prior  to  logging  of  the  immediate 
vicinity  of  the  pond.  By  comparison,  the  ponds  within  the 
Natural  Area  Preserve  are  still  largely  forested.  Few  of 
the  study  ponds  supported  a  diverse  Odonata  fauna;  small 
to  medium-sized  ponds  with  mostly  closed  canopies 
generally  had  five  or  fewer  species  recorded.  One  pond 
led  all  others  by  a  significant  margin  with  30  confirmed 
species  (of  36  total  pond-breeders),  although  some  of 
these  may  have  merely  been  non-breeding  adult  visitors. 
Two  other  ponds  also  harbored  a  good  diversity  of 
Odonata  (21  and  19  species,  respectively).  The  latter 
pond  lies  within  a  powerline  right-of-way  (hence  it  is 
open  canopied)  and  is  heavily  vegetated;  two  Watchlist 
species  ( Etythrodiplax  minuscula  and  Libellula 
auripennis )  that  were  not  found  at  any  of  the  other  study 
ponds  were  recorded  at  this  pond  on  several  occasions 
(both  species  were  also  observed  at  another  site  within  the 
right-of-way). 

The  biological  value  of  the  Grafton  Ponds  complex  is 
perhaps  best  viewed  from  the  perspective  of  their  ever- 
increasing  importance  as  habitat  for  a  moderately  diverse 


assemblage  of  plants  and  animals  in  a  rapidly  urbanizing 
landscape.  Judgements  about  the  value  of  individual 
ponds  may  not  be  appropriate.  Protection  of  the  full  suite 
of  ponds,  including  those  outside  of  the  Natural  Area 
Preserve,  is  highly  desirable.  Collectively,  the  Grafton 
Ponds  sinkhole  complex  constitutes  one  of  Virginia’s 
most  significant  natural  communities. 

ACKNOWLEDGMENTS 

This  study  was  made  possible  through  funding 
provided  by  the  U.S.  Environmental  Protection  Agency 
and  the  Virginia  Department  of  Conservation  and 
Recreation,  Division  of  Natural  Heritage  (DCR-DNH). 
The  Waterworks  Department  of  the  City  of  Newport 
News  provided  access  to  their  property  and  greatly 
facilitated  this  study  in  many  ways.  Many  people 
contributed  to  the  field  surveys,  with  Thomas  J.  Rawmski, 
Christopher  S.  Hobson,  Kennedy  H.  Clark,  and  Michael 
W.  McCoy  providing  the  greatest  assistance.  Tom  is 
especially  thanked  for  introducing  us  to  many  ponds  that 
he  discovered  while  mapping  and  identifying  the  full 
array  of  sinkhole  ponds  in  the  study  area  and  for 
contributing  several  bird  sightings;  Chris  provided  a 
number  of  Odonata  records.  Other  DCR-DNH  staff 
members  who  contributed  to  the  pond  surveys  included 
Kevin  E.  Heffeman,  Lesa  F.  Berlinghoft',  Timothy  G. 
Berry  and  Anne  C.  Chazal.  Becky  Holliday,  Krista 
Madaris,  Alan  and  Barbara  Savitzky,  Susan  Buck, 
Barbara  Bell,  Chris  Peterson,  David  Young,  and  Eric 
Biber  also  provided  field  assistance.  Anne  Chazal  helped 
prepare  the  figures  and  reviewed  the  grant  report  from 
which  this  paper  was  adapted. 

LITERATURE  CITED 

Baker,  W.  S.,  F.  E.  Hayes,  &  E.  W.  Lathrop.  1992. 
Avian  use  of  vernal  pools  at  the  Santa  Rosa  Plateau 
Preserve,  Santa  Ana  Mountains,  California.  Southwestern 
Naturalist  37:  392-403. 

Barber,  R.  D.  1994.  Damselflies  and  dragonflies  of 
Cumberland  County,  New  Jersey.  Cape  May  Bird 
Observatory,  New  Jersey  Audubon  Society,  Cape  May 
Point,  New  Jersey.  38  pp. 

Carle,  F.  L.  1979.  Environmental  monitoring  potential  of 
the  Odonata,  with  a  list  of  rare  and  endangered  Anisoptera 
of  Virginia,  United  States.  Odonatologica  8:  319-323. 

Carle,  F.  L.  1 982.  A  contribution  to  the  knowledge  of  the 
Odonata.  Unpublished  Ph.D.  thesis,  Virginia  Polytechnic 
Institute  and  State  University,  Blacksburg.  1 ,095  pp. 


ROBLE  &  STEVENSON:  GRAFTON  PONDS 


13 


Carle,  F.  L.  1989.  The  endangered  dragonfly  fauna  of 
New  Jersey.  Pp.  1 19-148,  239  In  E.  F.  Karlin  (ed.),  New 
Jersey's  Rare  and  Endangered  Plants  and  Animals. 
Institute  for  Environmental  Studies,  Ramapo  College  of 
New  Jersey,  Mahwah,  New  Jersey. 

Carle,  F.  L.  1991.  Dragonflies.  Pp.  197-214  In  K. 
Terwilliger  (coord  ),  Virginia's  Endangered  Species. 
McDonald  and  Woodward  Publishing  Company, 
Blacksburg,  Virginia. 

Carpenter,  V.  1991.  Dragonflies  and  Damselflies  of 
Cape  Cod.  Cape  Cod  Museum  of  Natural  History, 
Natural  History  Series  No.  4.  79  pp. 

Clampitt,  C.  A.  1992.  Natural  areas  inventory  of  the 
Lower  Peninsula  of  Virginia:  City  of  Williamsburg,  James 
City  County,  York  County.  Natural  Heritage  Technical 
Report  92-1.  Virginia  Department  of  Conservation  and 
Recreation,  Division  of  Natural  Heritage,  Richmond.  85 

pp. 

Clark,  K.  H.  1998.  Grafton  Ponds  Natural  Area  Preserve 
Resource  Management  Plan,  First  Edition.  Natural 
Heritage  Technical  Report  98-4.  Virginia  Department  of 
Conservation  and  Recreation,  Division  of  Natural 
Heritage,  Richmond.  73  pp.  plus  appendices. 

Davis,  M.  E.  1938.  A  preliminary  list  of  the  odonate 
fauna  of  the  Virginia  Peninsula.  Unpublished  M.S.  thesis, 
Cornell  University,  Ithaca,  New  York.  30  pp. 

Donnelly,  T.  W.  1961.  The  Odonata  of  Washington, 
D  C.,  and  vicinity.  Proceedings  of  the  Entomological 
Society  of  Washington  63:  1-13. 

Dragonfly  Society  of  the  Americas.  1996.  Common 
names  of  North  American  dragonflies  and  damselflies. 
Supplement  to  Argia  8(2):  4  pp. 

Dunkle,  S.  W.  1989.  Dragonflies  of  the  Florida 
Peninsula,  Bermuda  and  the  Bahamas.  Scientific 
Publishers,  Gainesville,  Florida.  155  pp. 

Dunkle,  S.  W.  1990.  Damselflies  of  Florida,  Bermuda 
and  the  Bahamas.  Scientific  Publishers,  Gainesville, 
Florida.  148  pp. 

Ebert,  T.  A.,  &  M.  J.  Balko.  1984.  Vernal  pools  as 
islands  in  space  and  time.  Pp.  90-101  In  S.  Jam  &  P. 
Moyle  (eds.).  Vernal  Pools  and  Intermittent  Streams. 
Institute  of  Ecology,  University  of  California,  Davis, 
Publication  No.  28.  280  pp. 


Gibbons,  J.  W.,  &  R.  D.  Semhtsch.  1991.  Guide  to  the 
Reptiles  and  Amphibians  of  the  Savannah  River  Site. 
University  of  Georgia  Press,  Athens.  131  pp. 

Gibbons,  J.  W.,  &  29  other  authors.  1997.  Perceptions  of 
species  abundance,  distribution,  and  diversity:  lessons 
from  four  decades  of  sampling  on  a  government-managed 
reserve.  Environmental  Management  2 1 :  259-268. 

Holland,  R.  F.,  &  S.  K.  Jain.  1981.  Insular  biogeography 
of  vernal  pools  in  the  Central  Valley  of  California. 
American  Naturalist  117:  24-37. 

Jenkins,  R.  E.,  &  N.  M.  Burkhead.  1993.  Freshwater 
Fishes  of  Virginia.  American  Fisheries  Society, 
Bethesda,  Maryland.  1,079  pp. 

Johnson,  G.  H.  1972.  Geology  of  the  Yorktown, 
Poquoson  West  and  Poquoson  East  quadrangles.  Virginia 
Division  of  Mineral  Resources,  Report  of  Investigations 
30.  57  pp. 

Kenk,  R.  1949.  The  animal  life  of  temporary  and 
permanent  ponds  in  southern  Michigan.  University  of 
Michigan  Museum  of  Zoology,  Miscellaneous 
Publications  No.  7 1 .  66  pp. 

Kondratieff,  B.  C.,  &  C.  J.  Pyott.  1987.  The  Amsoptera 
of  the  Savannah  River  Plant,  South  Carolina,  United 
States:  thirty  years  later.  Odonatologica  16:  9-23. 

LaClaire,  L.  V.,  &  R.  Franz.  1990.  Importance  of  isolated 
wetlands  in  upland  landscapes.  Pp.  9-15  In  M.  Kelly 
(ed  ).  Proceedings  of  the  Second  Annual  Meeting,  Florida 
Land  Management  Society,  Winter  Haven,  Florida. 

Louton,  J.  A.,  R.  W.  Garrison,  &  O.  S.  Flint.  1996.  The 
Odonata  of  Parque  Nacional  Manu,  Madre  de  Dios,  Peru; 
natural  history,  species  richness  and  comparisons  with 
other  Peruvian  sites.  Pp.  43  1-449  In  D.  E.  Wilson  &  A. 
Sandoval  (eds.),  Manu:  La  Biodiversidad  del  Sureste  del 
Peru  (Manu:  The  Biodiversity  of  Southeastern  Peru). 
Editorial  Horizonte,  Lima,  Peru. 

Mahoney,  D.  L.,  M.  A.  Mort,  &  B.  E.  Taylor.  1990. 
Species  richness  of  calanoid  copepods,  cladocerans  and 
other  branchiopods  in  Carolina  bay  temporary  ponds. 
American  Midland  Naturalist  123:  244-258. 

Matta,  J.  F.  1978.  An  annotated  list  of  the  Odonata  of 
southeastern  Virginia.  Virginia  Journal  of  Science  29: 
180-182. 


14 


BAMSTERIA 


NO.  12,  1998 


May,  M.  L.  1992.  Migrating  dragonflies  in  North 
America.  Argia  4(2):  4-8. 

May,  M.  L.,  &  F.  L.  Carle.  1 996.  An  annotated  list  of  the 
Odonata  of  New  Jersey,  with  an  appendix  on 
nomenclature  in  the  genus  Gomphus.  Bulletin  of 
American  Odonatology  4:  1-35. 

Mixon,  R.  B.,  C.  R.  Berquist,  Jr.,  W.  L.  Newell,  G.  H. 
Johnson,  D  S.  Powars,  ,1.  S.  Schindler,  &  E.  K.  Rader. 
1 989.  Geologic  map  and  generalized  cross  sections  of  the 
Coastal  Plain  and  adjacent  parts  of  the  Piedmont, 
Virginia.  U.S.  Geological  Survey,  Miscellaneous 
Investigations  Series,  Map  1-2033. 

Moler,  P.  E.,  &  R.  Franz.  1987.  Wildlife  values  of  small, 
isolated  wetlands  in  the  Southeastern  coastal  plain.  Pp. 
234-241  In  R.  R.  Odum,  K.  A.  Riddleberger,  &  J.  C. 
Ozier  (eds.),  Proceedings  of  the  Third  Southeastern 
Nongame  and  Endangered  Wildlife  Symposium,  Georgia 
Department  of  Natural  Resources,  Atlanta. 

Needham,  J.  G.,  &  M.  J.  Westfall,  Jr.  1955.  A  Manual  of 
the  Dragonflies  of  North  America  (Anisoptera),  including 
the  Greater  Antilles  and  the  Provinces  of  the  Mexican 
Border.  University  of  California  Press,  Berkeley.  6 1 5  pp. 

Neill,  W.  T.  1951.  Notes  on  the  role  of  crawfishes  in  the 
ecology  of  reptiles,  amphibians,  and  fishes.  Ecology  32: 
764-766. 

Orr,  R.  L.  1996.  The  Odonata  of  Patuxent  Wildlife 
Research  Center  and  vicinity.  Bulletin  of  American 
Odonatology  4:  37-67. 

Rawinski,  T.  J.  1 997a.  Waterfowl  use  of  natural  seasonal 
ponds  in  York  County,  Virginia  during  a  “wet”  year. 
Virginia  Journal  of  Science  48:  1 52. 

Rawinski,  T.  J.  1997b.  Vegetation  ecology  of  the 
Grafton  Ponds,  York  County,  Virginia,  with  notes  on 
waterfowl  use.  Natural  Heritage  Technical  Report  97-10. 
Virginia  Department  of  Conservation  and  Recreation, 
Division  of  Natural  Heritage,  Richmond.  42  pp.  plus 
appendix. 

Roble,  S.  M.  1994.  A  preliminary  checklist  of  the 
damselflies  of  Virginia,  with  notes  on  distribution  and 
seasonality  (Odonata:  Zygoptera).  Bamstena  4:  3-23. 

Roble,  S.  M.,  &  C.  S.  Hobson.  1996.  The  Odonata  of 
Fort  A.  P.  Hill  and  vicinity,  Caroline  County',  Virginia. 
Banistena7:  11-40. 


Roble,  S.  M.,  C.  S.  Hobson,  &  D.  J.  Stevenson.  1997. 
New  distributional  records  for  rare  and  uncommon 
Odonata  in  Virginia.  Bamstena  9:  33-42. 

Roble,  S.  M.,  &  D.  J.  Stevenson.  1996.  First  records  of 
Telebasis  byersi  from  Virginia,  including  a  new  northern 
range  limit.  Argia  8(1):  13-14. 

Sankey,  R.  T.,  &  B.  W.  Schwenneker.  1993.  Ecology  of 
the  Grafton  Ponds  sinkhole  complex  in  eastern  Virginia. 
Pp.  576-582  In  M.  C.  Landin  (ed  ).  Wetlands:  Proceedings 
of  the  Thirteenth  Annual  Conference  of  the  Society  of 
Wetland  Scientists,  New  Orleans,  Louisiana,  June  1992. 
South-central  Chapter  of  the  Society  of  Wetland 
Scientists,  Utica,  Mississippi. 

Soltesz,  K.  1991.  A  survey  of  the  damselflies  and 
dragonflies  of  Cape  May  County,  New  Jersey.  Cape  May 
Bird  Observatory,  New  Jersey  Audubon  Society,  Cape 
May  Point,  New  Jersey.  54  pp. 

Sorrie,  B.  A.  1 994.  Coastal  Plain  ponds  m  New  England. 
Biological  Conservation  68:  225-233. 

Stevenson,  D.  J.,  S.  M.  Roble,  &  C.  S.  Hobson.  1995. 
New  records  of  the  damselfly  Ischnura  prognata  in 
Virginia.  Banistena  6:  26-27. 

Vogt,  T.  E.,  &  J.  E.  McPherson.  1986.  A  list  of  the 
Odonata  of  the  La  Rue-Pine  Hills  Ecological  Area.  Great 
Lakes  Entomologist  19:1-5. 

Vogt,  T.  E.,  J.  E.  McPherson,  &  W.  T.  McDowell.  1986. 
Odonata  at  a  small  woodland  pond  in  southern  Illinois. 
Great  Lakes  Entomologist  19:  235-237. 

Walker,  E.  M.  1952.  The  Lestes  disjunctus  and 
forcipatus  complex  (Odonata:  Lestidae).  Transactions  of 
the  American  Entomological  Society  78:  59-74. 

Westfall,  M.  J.,  Jr.  1957.  A  new  species  of  Telebasis 
from  Florida  (Odonata:  Zygoptera).  The  Florida 
Entomologist  40:  19-27. 

Westfall,  M.  J.,  Jr.,  &  M.  L.  May.  1996.  Damselflies  of 
North  America.  Scientific  Publishers,  Gainesville, 
Florida.  649  pp. 

Wiggins,  G.  B.,  R.  J.  Mackay,  &  I.  M.  Smith.  1980. 
Evolutionary  and  ecological  strategies  of  animals  in 
annual  temporary  pools.  Archives  fur  Hydrobiologie  58 
(supplement):  97-206. 


ROBLE  &  STEVENSON:  GRAFTON  PONDS 


15 


Table  3.  Seasonal  distribution  of  Odonata  at  the  Grafton  Ponds  sinkhole  complex,  York  County,  Virginia. 


Month 

Mar. 

Apr. 

May 

June 

July 

August 

Sept. 

Oct. 

Dec. 

Early  and  Late  Flight  Dates 

Species  Quarter3 

4 

34 

1234 

1234 

1234 

1234 

1234 

1  2 

3 

*  =  Extreme  date  for  Virginia6 

Calopteryx  maculata 

X 

X 

X 

X 

X 

24  May  -  15  August 

Lestes  disjunclus  australis 

X  X 

X  X  X  X 

X 

X  X 

X  X  X  X 

XXX 

X  X 

X 

20  April  - 1 1  October 

L.  rectangularis 

X  X 

X 

X  X 

X  X 

XXX 

X 

X 

16  May  -  11  October 

Enallagma  aspersum 

X  X 

X  X  X  X 

X 

3  May  -  5  September 

E.  civile 

X 

X 

X 

3  May  -  27  June 

E.  geminatum 

X  X 

X 

2  July  -  5  September 

E.  signatum 

X 

X  X 

X 

X  X 

24  May  -  17  August 

Ischnura  hastata 

X 

X 

X  XX 

X  X 

X  X  X  X 

X  X 

X 

30  March*  -  1 1  October 

I.  posita 

X 

X  X 

X  X  X  X 

X 

X  X 

X  X  X  X 

XXX 

X  X 

X 

30  March*  -  1 1  October 

I.  prognata 

X 

XXX 

X 

X 

16  April*  -  17  August 

/.  ramburii 

X 

X 

X 

30  May  -  15  August 

Telebasis  byersi 

X 

X  X 

27  June*  -  16  July 

Anax  junius 

X 

X  X 

X  X  X  X 

X 

X  X 

XXX 

X  X 

X 

X 

30  March*  -  18  December 

A.  longipes 

X 

16  July 

Epiaeschna  heros 

X  X 

X  X  X  X 

X 

X  X 

X 

X 

16  April  -  6  August 

Gomphaeschna  furcillata 

?x 

7 

28  April 

Epitheca  cy  no  sura 

X  X 

X  X 

16  April  -  24  May 

Gomphus  lividus 

X 

X  X 

XXX 

30  March  -  24  May 

Cordulegaster  maculata 

X 

X 

16  April  -  10  May 

Celithemis  eponina 

X 

X  X 

X  X 

7  June  -  16  July 

Erythemis  simplicicollis 

X  XX 

X 

X  X 

X  XX 

X  X 

X  X 

5  May  -  19  September 

Erytlirodiplax  minuscula 

? 

X  X 

X 

2 1  June  -  1 1  October 

Libellula  auripennis 

X 

X  X 

7  June  -  27  June 

L.  axilena 

XXX 

X 

X  X 

X  X  X  X 

XXX 

X 

1 5  May  -  5  September 

L.  deplanata 

X  X 

X  X 

16  April  -  17  May 

L.  incesta 

X  X 

X 

2  July  -  5  September 

L.  luctuosa 

X 

28  June 

L.  lydia 

X  X 

X  X  X  X 

X 

X  X 

X  XX 

X 

X 

16  April  -  5  September 

L.  pulcbella 

X 

5  September 

L.  semifasciata 

X  X 

X  X  X  X 

X 

X  X 

20  April  -  27  June 

L.  vibrans 

X 

X 

X 

X 

24  May  -  5  September 

Pachydiplax  longipennis 

XXX 

X 

X  X 

XXX 

XXX 

X 

15  May  -  5  September 

Pantala  flavescens 

X 

5  September 

P.  hymenaea 

X 

26  July 

Peritbemis  tenera 

X 

X 

X  X 

X  XX 

X 

24  May  -  15  August 

Sympetrum  ambiguum 

X 

X 

X 

X  X 

27  June  -  1 1  October 

S.  vicinum 

X 

X 

X 

5  September  -  18  December* 

Tramea  Carolina 

X  X 

XXX 

X 

X  X 

X  X  X  X 

XXX 

16  April*  -  17  August 

T.  lacerata 

X 

X  X 

21  June  -  16  July 

‘Quarters  of  the  month:  1st  to  8th  (1),  9th  to  15th  (2),  16th  to  23rd  (3),  and  24th  to  the  end  of  the  month  (4);  no  data  for  missing  or  underlined  quarters. 
bExceeds  or  equals  early  or  late  date  reported  by  Carle  (1982),  Roble  (1994)  or  Roble  et  al.  (1997). 
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Table  4.  Partial  list  of  bird  species  recorded  in  the  Grafton  Ponds  area  during  this  study;  these  species  were  not 
included  in  the  reports  by  Sankey  &  Schwenneker  (1993)  or  Rawinski  (1997a,  b).  Status  codes  are:  R  =  resident; 
S  =  summer,  potential  breeder  in  this  area;  SC  =  summer,  confirmed  breeder;  M  =  migrant;  V  =  potential  visitor  at 
any  time  of  year. 


Common  Name 
Great  Blue  Heron 

Green  Heron 
Black  Vulture 
Red-tailed  Hawk 
Spotted  Sandpiper 
American  Woodcock 
Yellow-billed  Cuckoo 
Great  Homed  Owl 
Ruby-throated  Hummingbird0 
Belted  Kingfisher 
Pileated  Woodpecker 
Great  Crested  Flycatcher 
American  Crow 
Carolina  Wren 
Blue-gray  Gnatcatcher 

American  Robin 
Yellow- throated  Vireo 
Northern  Parula 
Black-and-white  Warbler 
Prothonotary  Warbler 
Louisiana  Waterthrush 
Yellow-breasted  Chat 
Summer  Tanager 
Blue  Grosbeak 
Chipping  Sparrow 
Red-winged  Blackbird 
Brown-headed  Cowbird 
American  Goldfinch 


Scientific  Name 

Ardea  herodias 

Butorides  striatus 
Coragyps  atratus 
Buteo  jamaicensis 
Actitis  macularia 
Scolopax  minor 
Coccyzus  americanus 
Bubo  virginianus 
Archilochus  colubris 
Ceryle  alcyon 
Dryocopus  pileatus 
Myiarchus  crinitus 
Corvus  brachyrhynchos 
Thryothorus  ludovicianus 
Polioptila  caerulea 

Turdus  migratorius 
Vireo  flavifrons 
Parula  americana 
Mniotilta  varia 
Protonotaria  citrea 
Seiurus  motacilla 
Icteria  virens 
Piranga  rubra 
Guiraca  caerulea 
Spizella  passerina 
Agelaius  phoenicus 
Molothrus  ater 
Carduelis  tristis 


Dateisl 

13  March  -  16  July 
(5  dates) 

30  May  -  16  July 
26  April  -  16  July 
16  July  1997  (juvenile) 

20  April  1995 

3  January  1997b 
16  July  1996 

26  September  1996  (pair) 
16  April  -  7  June 
16  April  -  7  June 
10  May  1996  (pair) 

16  April  -  2  July 
16  April  1998 
30  March  1998 
16  April  1998 

30  March  -  16  April 
7  June  1997 
16  April  -  7  June 

16  April  -  21  June 

17  May  1996  (pair) 

30  March  -  10  May 

21  June  -  16  July 
17  May  -  16  July 
7  June  1997 

16  April  1998 
30  March  1998 
30  March  1998 
30  March  -  5  September 


Pond(s) 

Status 

N1  (all  dates),  N7, 

V 

N22,  SI 6,  R5 

Nl,  SI,  S4 

S 

Nl,  N8a 

V 

N18 

S 

SI 

M 

R26 

R 

Nl 

S 

SI 

R 

Nl,  Nl  1 

SC 

Nld 

V 

McCalley  Run 

R 

Nl 

S 

Nl 

R 

McCalley  Run 

R 

Nl,  Nil  (nest). 

SC 

N22,  McCalley  Run 

Nl,  Nil,  N22 

R 

Nl 

S 

N22,  McCalley  Run 

S 

Nl,  Nl  1,  SI 6,  R26 

S 

Nl 

S 

SI,  McCalley  Run 

S 

SI 6,  R15 

S 

N3,  R20 

S 

Nl 

S 

Nl,  N22 

S 

Nl 

R 

Nl 

R 

Nl,  N7,  Nil, 

R 

McCalley  Run 

aAdult  flushed  from  roost  in  hollow  tree  on  26  April  1995. 

bCourtship  flights  heard  on  this  date. 

cFemale  observed  at  nest  by  DCR-DNH  biologists  at  Pond  SI  on  1  May  1990. 
d  Also  recorded  at  this  pond  by  DCR-DNH  biologists  on  8  November  1988. 
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Table  5.  Comparison  of  the  Odonata  fauna  of  Grafton  Ponds,  York  County,  Virginia,  with  other  areas  in  Virginia 
and  the  eastern  United  States. 


Pond 

Shared 

Over tap  as  %  of 

Percent 

Reference 

State 

Locality/Habitat 

breeders 

species4 

Grafton  fauna 

similarity1 

Davis  1938 

VA 

Lower  Peninsula 
(various  lentic  habitats) 

35 

27 

75.0 

61.4 

Malta  1978 

VA 

Southeast  comer 
(various  lentic  habitats) 

46 

30 

83.3 

57.7 

Roble  &  Hobson  1996 

VA 

Fort  A.  P.  Hill  Military 
Reservation,  Caroline  County 
(Coastal  Plain  ponds) 

59 

33 

91.7 

53.2 

S.  M.  Roble 

VA 

Maple  Flats,  Augusta  County 

49 

27 

75.0 

46.6 

(unpublished  data) 

(sinkhole  pond  complex) 

S.  M.  Roble 

VA 

Cat  Ponds,  Isle  of  Wight  County  24 

20 

55.6 

50.0 

(unpublished  data) 

(seasonal  Coastal  Plain  ponds) 

Donnelly  1961  VA/MD 

Washington,  D.C.  area 

68 

30 

83.3 

40.6 

(various  lentic  habitats) 

Orr  1996  +  pers. 

MD 

Patuxent  Wildlife  Research 

76 

34 

94.4 

43.6 

comm,  additions 

Center  (various  lentic  habitats) 

Soltesz  1991 

NJ 

Cape  May  County0 
site  #4 

23 

17 

47.2 

40.5 

site  #25 

22 

20 

55.6 

52.6 

Barber  1994 

NJ 

Cumberland  Countyd 

site  #2 

32 

17 

47.2 

33.3 

site  #14 

28 

23 

63.9 

56.1 

Kondratieff  &  Pyott  1987  SC 

Savannah  River  Plant 

28e 

21 

84.0 

65.6 

Carpenter  1991 

MA 

Cape  Cod,  Barnstable  County 
(Coastal  Plain  ponds) 

80 

31. 

86.1 

36.4 

Vogt  &  McPherson  1986 

IL 

Union  County  (swamp) 

34 

25 

69.4 

55.6 

Vogt  et  al.  1986 

IL 

Pope  County  (man-made 
fishless,  woodland  pond) 

25 

19 

52.8 

45.2 

4  Species  in  common  with  Grafton  Ponds  fauna;  based  on  36  species  of  pond-breeding  Odonata  documented  during  the  current 
study  at  the  Grafton  Ponds  sinkhole  complex,  including  25  species  of  Anisoptera  (dragonflies). 

b  Percent  similarity  *  Number  of  Shared  Species  /  (Total  Species  from  Grafton  Ponds  +•  Total  Species  at  comparison  site  - 
Number  of  Shared  Species) 

c  Site  4  consisted  of  a  buttonbush  bog  and  adjacent  wet  savannah;  site  25  was  a  wet  savannah. 
d  Site  2  was  a  semi-permanent,  deep  woodland  vernal  pond;  site  14  consisted  of  two  nearby  woodland  vernal  ponds. 
e  Only  includes  Anisoptera  species  that  were  recorded  from  ponds  and  Carolina  bays  (from  Table  1  in  reference). 
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INTRODUCTION 

Virginia's  chiropteran  fauna  has  been  documented 
during  this  century  by  numerous  researchers  (Bailey, 
1946;  Handley  &  Patton,  1947;  Johnson,  1950;  deRageot, 
1955;  Handley,  1959;  Holsinger,  1964;  Handley,  1979; 
Dalton,  1987;  Padgett  &  Rose,  1991).  Sixteen  species 
representing  eight  genera  were  recorded  from  the  state 
prior  to  my  study. 

Three  bat  species  have  been  reported  from  Virginia 
based  on  a  single  record  each.  The  most  recent  addition  to 
the  state’s  fauna  is  the  Brazilian  free-tailed  bat  ( Tadarida 
brasiliensis)  reported  by  Cranford  &  Fortune  (1994)  from 
one  locality  in  Giles  County.  The  yellow  bat  (. Lasiutus 
intermedium  floridanus)  is  known  from  a  single  pregnant 
female  collected  in  1954  at  Willoughby  Beach  in  Norfolk 
(deRageot,  1955).  The  seminole  bat  (. Lasiurus  seminolus) 
was  taken  on  Washington  Ditch  at  Lake  Drummond,  City 
of  Suffolk,  in  the  Great  Dismal  Swamp  National  Wildlife 
Refuge  in  1983  (Padgett,  1987).  All  other  bat  species 
known  to  occur  in  Virginia  are  thought  to  be  permanent 
residents  or  are  common  seasonally  in  the  state. 

Eleven  species  have  been  recorded  from  the  Coastal 
Plain  of  southeastern  Virginia,  including  Corynorhinus  (= 
Plecotus )  rafmesquii  macrotis  LeConte,  Eptesicus  fuscus 
(Beauvois),  Lasionycteris  noctivagans  (LeConte), 

Lasiurus  borealis  (Muller),  Lasiurus  cinereus  (Beauvois), 
Lasiurus  intermedius  floridanus  Miller,  Lasiurus 

seminolus  (Rhoads),  Myotis  lucifugus  lucifugus 

(LeConte),  Myotis  septentrionalis  Trouessart  (reported  as 
Myotis  keenii ),  Nycticeius  humeralis  (Rafinesque),  and 
Pipistrellus  subflavus  (F.  Cuvier)  (Bailey,  1946;  Handley, 
1979;  Padgett  &  Rose,  1991;  D.  Schwab,  Virginia 
Department  of  Game  and  Inland  Fisheries,  personal 

communication).  Several  of  these  species  (C.  r.  macrotis , 
L.  i.  floridanus ,  L.  seminolus)  are  considered  rare  in 
Virginia  (Roble,  1996).  Corynorhinus  rafmesquii  was 


formerly  a  candidate  (Category  2)  for  listing  under  the 
federal  Endangered  Species  Act,  and  is  currently  listed 
under  state  law  as  endangered  within  Virginia.  The 
Category  2  candidate  listing  was  abolished  by  the  U.S. 
Fish  and  Wildlife  Service  in  1996  (U.S.  Fish  and  Wildlife 
Service,  1996). 

In  1995,  the  Virginia  Department  of  Conservation  and 
Recreation’s  Division  of  Natural  Heritage  obtained  a 
contract  with  the  U.S.  Environmental  Protection  Agency 
(EPA)  to  conduct  comparative  wetland  ecology  studies 
and  Natural  Heritage  inventories  in  southeastern  Virginia. 
Concurrently,  inventory  projects  at  Fort  Story  Military 
Reservation  in  Virginia  Beach  and  the  proposed 
expansion  site  for  the  Southeast  Regional  Landfill  in  the 
City  of  Suffolk  were  conducted.  Those  species  of  bats 
considered  rare  in  Virginia  were  targeted  during 
zoological  surveys  conducted  at  these  sites  and  others  in 
southeastern  Virginia  during  1995  and  1996.  The 
objective  of  this  study  was  to  obtain  information  on  the 
distribution  of  the  chiropteran  fauna  within  southeastern 
Virginia,  emphasizing  those  species  considered  rare  in  the 
state. 

MATERIALS  AND  METHODS 

I  selected  survey  sites  (Table  1 )  based  on  accessibility, 
canopy  closure,  flyway  condition  (e.g.,  open  understory 
with  a  tunnel-like  corridor),  feasibility  of  netting,  capture 
potential,  and  location.  To  capture  bats,  I  used  mist  nets 
of  two  sizes  (2.1  x  5.5  and  2.1  x  9.1  m)  at  all  sites 
sampled  with  the  exception  of  site  11,  where  visual 
inspection  of  hollow  trees  was  the  only  method  used.  At 
most  sites,  I  stacked  three  nets  vertically  using  a  slightly 
modified  version  of  the  portable  mist  net  system  described 
by  Gardner  et  al.  (1989).  However,  on  several  occasions 
when  the  canopy  was  too  low,  only  one  or  two  nets  were 
used.  I  set  nets  to  a  maximum  height  of  7.6  m,  over 
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Virginia,  ^  °f  °f batS  Captured’  and  dates  surveyed  for  bats  in  southeastern 


Site 

Location  of  site 

Date(s) 

surveyed 

Total  # 
bats 

Total  # 
net  nights 

Site  1 

City  of  Virginia  Beach;  Fort  Story,  ca.  800  m  SW  of  East  Entrance 

17  July  1995 

1 

(2) 

Site  2 

City  of  Virginia  Beach;  Fort  Story,  ca.  700  m  SW  of  Impact  Area 

18  July  1995 

4 

(2) 

Site  3 

City  of  Chesapeake;  GDSNWR1,  Washington  Ditch,  ca.  100  m  W  of 
intersection  with  Jericho  Ditch 

17  June  1996 

8  July  1996 

6 

(3) 

Site  4 

City  of  Chesapeake;  GDSNWR1,  Persimmon  Ditch,  ca.  300  m  E  of 
Western  Boundary  Ditch 

18  June  1996 

0 

(2) 

Site  5 

City  of  Chesapeake;  GDSNWR1,  East  Ditch,  ca.  2.9  km  N  of 

Hudnell  Ditch 

19  June  1996 

1  July. 1996 

6 

(4) 

Site  6 

City  of  Suffolk;  GDSNWR1,  Washington  Ditch,  ca.  1.2  km  E  of 

Lynn  Ditch 

2  July  1996 

3 

(1) 

Site  7 

City  of  Suffolk;  unnamed  ditch,  ca.  2.2  km  SE  of  Nansemond 

29  July  1996 

29  August  1996 

3 

(4) 

Site  8 

City  of  Chesapeake;  GDSNWR',  Portsmouth  Ditch,  ca.  1 .0  km  S  of 

Big  Entry  Ditch 

30  July  1996 

0 

(1) 

Site  9 

Southampton  County;  Blackwater  River,  ca.  6  km  N  of  Zuni 

8  August  1996 

33 

(2) 

Site  10 

City  of  Virginia  Beach;  Mill  Dam  Creek,  ca.  0.8  km  NNE  of  Vine 

15  August  1996 

0 

(3) 

Site  1 1 

Sussex  County;  Blackwater  River,  ca.  2.1  km  NW  of  Dendron 

20  September  1996 

1 

* 

'Great  Dismal  Swamp  National  Wildlife  Refuge 
*  Tree  cavity  searches  only 


water-filled  ditches,  roads,  and  under  the  canopy  of 
forested  wetlands  along  river  bottoms  and  in  swamps.  At 
each  site,  I  tried  to  maximize  capture  success  by  closing 
off  flyways  as  completely  as  possible.  When  favorable 
weather  conditions  existed,  I  operated  nets  from  dusk  to 
about  0 1 00  h.  Surveys  conducted  on  2  July  at  Site  6,  and 
8  July  at  Site  3  were  less  than  three  hours  in  duration  due 
to  mchmate  weather.  One  net  night  is  equivalent  to  one 
net  unit  (1-3  nets  stacked  vertically  =  one  unit)  operated 
for  greater  than  2  h  on  a  given  survey  date.  I  conducted 
tree  cavity  searches  by  physically  entering  the  cavity  of  a 
tree  and  briefly  inspecting  the  cavity  for  bats,  using  a  head 
mounted  electric  light  to  illuminate  the  cavity. 

At  each  site,  I  used  a  bat  detector  (Pettersson 
Elektromc  AB,  model  D  100)  to  monitor  bat  activity  at 
the  nets  and  in  surrounding  areas.  I  checked  nets  every 


1 5-20  minutes  to  minimize  stress  on  captured  animals  and 
to  reduce  damage  to  nets.  I  held  bats  for  a  short  period  in 
nylon  mesh  bags  until  data  collection  was  complete,  then 
released  them  unharmed  at  the  site  of  capture.  I  retained 
several  individuals  over  night  for  photographic 
documentation.  Two  voucher  specimens  of  one  species 
(A/,  austroriparius )  have  been  deposited  in  the  collection 
of  the  U.S.  National  Museum  of  Natural  History. 

Data  collected  for  each  bat  captured  included  species, 
age,  sex,  reproductive  condition,  time  and  height  of 
capture  in  net,  right  forearm  length,  molt  condition,  and 
presence  of  unusual  marks  and  ectoparasites.  I  used  70% 
isopropyl  alcohol  to  preserve  ectoparasites  for  subsequent 
identification.  At  each  site,  I  collected  data  on  habitat 
type,  moon  phase,  precipitation,  and  other  local  weather 
parameters  whenever  possible. 
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RESULTS  AND  DISCUSSION 

I  captured  fifty-six  bats  of  six  species  during  24  net 
nights  of  sampling  at  10  localities  during  1995-96  (Tables 
1 ,2).  I  resampled  at  three  of  these  sites  (3,5,7)  to  collect 
additional  data.  No  bats  were  captured  at  sites  4,  8,  and 
10.  Additionally,  I  collected  data  from  a  single  male  C. 
r  macrotis  that  was  taken  from  a  cavity  tree  at  Site  1 1 . 
For  the  purposes  of  discussion,  comparisons  with  surveys 
conducted  by  Padgett  &  Rose  (1991)  are  included. 
However,  differences  in  methodology  and  study  periods 
should  be  considered.  Methodology  used  by  Padgett  & 
Rose  (1991)  included  visual  observations  of  flying  bats 
and  collecting  with  shotguns  at  dusk  and  dawn.  All  of 
their  efforts  were  conducted  from  September  through 
early  June. 

SPECIES  ACCOUNTS: 

Eastern  big-eared  bat  - 1  encountered  the  eastern  big- 
eared  bat  ( Corynorhinus  r.  macrotis )  three  times  during 
surveys  (Table  2).  A  single  male  was  captured  at  Site  1, 
using  a  2. 1  x  5.5  m  net  set  over  a  sand  road  with  a  tree 
canopy  of  less  than  3.5  m.  This  individual,  which  at  the 
time  of  capture  represented  the  northernmost  known 
record  for  the  species  in  Virginia,  was  netted  just  after 
2400  hours.  At  Site  6,  I  netted  a  single  male  during  a 
light  ram  at  2125  h  at  a  height  of  approximately  1.3  m. 
This  individual  represents  the  first  record  of  this  species 
within  the  Great  Dismal  Swamp  National  Wildlife  Refuge 
since  the  first  Virginia  record  was  obtained  there  in  1897 
(Handley,  1959).  At  Site  11,1  captured  a  single  male  in 
a  large  hollow  tree  in  the  floodplain  of  the 


Blackwater  River.  This  bat  was  roosting  at  a  height  of 
approximately  4  m  within  the  cavity  of  a  large  water 
tupelo  ( Nyssa  aquatica).  The  roost  tree  was  one  of  over 
40  trees  inspected  during  this  survey,  but  the  only  one 
harboring  a  bat.  At  the  time  of  capture,  this  record 
represented  the  northernmost  known  locality  for  C.  r. 
macrotis.  Furthermore,  it  is  only  the  second  record  from 
a  natural  roost  in  Virginia.  Habitat  at  all  three  of  these 
sites  was  bottomland  cypress- gum- water  tupelo  swamp. 
The  eastern  big-eared  bat  was  considered  extremely  rare 
in  Virginia  until  recently  (Handley  &  Schwab,  1991). 
Corymorhinus.  r.  macrotis  is  now  known  from  more  than 
20  records  in  six  counties  and  municipalities  in 
southeastern  Virginia,  although  the  species  has  not  been 
found  in  abundance  at  any  site  (Clark  &  Williams,  1993). 
Additional  surveys  for  this  bat  in  Virginia  may  show  it  to 
be  considerably  more  common  and  widespread  than 
current  knowledge  suggests. 

Big  brown  bat  -  I  encountered  the  big  brown  bat 
( Eptesicus  fuscus)  at  three  of  10  sites  (Table  2).  I 
captured  5  individuals,  all  within  bottomland  swamp 
forest  between  2 1 00  and  0 1 00  h.  This  species  is  common 
in  southeastern  Virginia,  particularly  in  proximity  to 
human  habitations.  Padgett  &  Rose  (1991)  recorded  six 
individuals  from  the  Great  Dismal  Swamp,  several  of 
which  were  shot  after  emerging  from  hollow  bald  cypress 
trees. 

Eastern  red  bat  -  I  captured  two  individuals  of  the 
eastern  red  bat  ( Lasiurus  borealis)  on  1 9  June  1 996  at  Site 
5  within  the  Great  Dismal  Swamp  National  Wildlife 
Refuge.  A  non-reproductive  male  and  a  lactating  female 


Table  2.  Number  of  bats  captured  and  number  of  individuals  by  sex  at  each  site  in  southeastern  Virginia,  1995-1996. 


Species  / 

Site 

C.  rafinesquii 

macrotis 

Eptesicus 

fuscus 

Lasiurus 

borealis 

Myotis 

austroriparius 

Nyticeius 

humeralis 

Pipistrellus 

subflavus 

Site  1 

1  <f 

Site  2 

2a",  29 

Site  3 

4d\  19 

Id1 

Site  5 

Id",  1? 

29 

2d’ 

Site  6 

\<f 

Id" 

1  d" 

Site  7 

la" 

19 

19 

Site  9 

1  d" 

31 

1  d" 

lo" 


Site  1 1 
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were  captured  at  2215  and  2400  h,  respectively. 
Additionally,  I  collected  a  juvenile  male  after  it  struck  the 
windshield  of  our  vehicle  in  the  City  of  Suffolk  at 
approximately  0230  h  on  30  July  1996.  This  was  the 
most  commonly  encountered  bat  during  surveys  within 
the  Refuge  by  Padgett  &  Rose  (1991)  and  it  is  considered 
to  be  common  throughout  southeastern  Virginia. 

Southeastern  myotis  -  I  captured  four  male  Myotis 
austroriparius  (Rhoads)  on  17  June  1996,  between  2140 
and  0100  h  at  Site  3  within  the  Great  Dismal  Swamp 
National  Wildlife  Refuge.  After  photographing  them,  I 
released  the  bats  the  following  morning  at  the  site  of 
capture.  These  individuals  represent  the  first  records  of 
this  species  in  Virginia  and  a  northern  range  extension  in 
the  eastern  portion  of  the  species’  range.  The  nearest 
published  record  for  this  species  is  from  Wake  County, 
North  Carolina  (Lee  et  al.,  1982).  However,  surveys  in 
summer  1 996  documented  this  species  in  Bertie  County, 
North  Carolina  (M.  K.  Clark,  North  Carolina  Museum  of 
Natural  Sciences,  personal  communication). 

I  captured  two  lactating  female  M.  austroriparius  at 
Site  5  on  19  June  1996  at  2230  and  2300  hours, 
respectively.  These  records  suggest  that  a  maternity 
colony  occurs  within  the  Dismal  Swamp.  Further 
evidence  of  breeding  by  M.  austroriparius  in  the  Dismal 
Swamp  was  obtained  with  the  captures  of  a  juvenile  male 
on  2  July  1 996  at  Site  6  and  a  post-lactating  female  on  8 
July  1996  at  Site  3  (Table  1).  I  retained  the  latter  two 
individuals  and  placed  them  in  the  collection  of  the  U.S. 
National  Museum  of  Natural  History  (USNM  581990-91). 
Further  investigation  is  warranted  to  determine  the 
distribution  of  this  bat  within  the  Dismal  Swamp. 

On  8  August  1996,  while  setting  up  mist  nets  at  Site 
9,  several  colleagues  and  I  heard  high-pitched 
vocalizations  coming  from  a  large  swamp  tupelo  {Nyssa 
biflora )  at  the  water’s  edge.  At  the  base  of  the  tree  was  a 
keyhole-shaped  opening  (ca.  0.75  m  high  by  0.5  m  wide) 
to  a  cavity  which  extended  >  5  m  upward.  We  counted 
372  M.  austroriparius  emerging  from  this  roost  tree 
between  2000  and  2230  hours.  We  observed  no  bats 
emerging  from  the  roost  tree  after  2230  hours.  A  mist  net 
(2.1  x  5.5  m)  was  set  in  front  of  the  opening, 
approximately  1 0  m  from  the  roost  tree.  Another  mist  net 
(6.4  x  9.1  m)  was  set  perpendicular  to  the  shoreline 
approximately  20  m  downstream  of  the  roost  tree.  We 
captured  3 1  individuals  (20  juveniles,  1 1  adults),  29  of 
these  in  the  2. 1  x  5.5  m  net.  We  opened  both  nets  at  1 930 
h  and  monitored  them  for  about  5.5  hours.  All  adults 
captured  were  females.  Female  M.  austroriparius 
typically  produce  twins,  a  characteristic  unique  to  this 
species  within  the  genus  Myotis  (Barbour  &  Davis,  1 969). 
Therefore,  a  conservative  estimate  of  the  number  of  adults 


within  the  maternity  colony  would  account  for  1 24 
individuals.  Site  9  is  currently  the  northernmost 
documented  locality  for  this  species  within  Virginia. 

Evening  bat  -  I  captured  five  individuals  of  the 
evening  bat  (. Nycticeius  humeralis )  at  four  sites  (Table  2). 
All  captures  were  below  3.0  m  in  height,  and  bats  were 
caught  between  2030  and  2300  h.  This  species  is  most 
likely  common  in  the  southeastern  part  of  Virginia,  but 
may  be  very  uncommon  west  of  the  Blue  Ridge.  I 
recorded  no  captures  of  this  species  during  1 992  in  over 
50  net  nights  of  sampling  in  the  Cumberland  Plateau  and 
Ridge  and  Valley  physiographic  regions  of  Virginia 
(unpublished  data).  Bailey  (1946)  lists  11  Virginia 
records  for  this  species,  of  which  9  are  from  the  eastern 
half  of  the  state.  Padgett  &  Rose  (1991)  reported  this 
species  to  be  second  in  abundance  within  the  Dismal 
Swamp. 

Eastern  pipistrelle  -  I  encountered  the  eastern 
pipistrelle  ( Pipistrellus  subflavus )  at  two  sampling  sites 
during  the  second  year  of  this  study  (Table  2).  On  29  July 
at  Site  7,  I  captured  one  post-lactatmg  female  at 
approximately  1.0  m  in  height  at  2310  h.  I  captured  a 
single  adult  male  on  8  August,  at  approximately  3  m  in 
height  at  0030  h  at  Site  9.  This  species  is  most  likely  a 
common  resident  throughout  Virginia,  particularly  in 
association  with  the  cavernous  western  portion  of  the 
state.  Bailey  (1946)  listed  numerous  records  throughout 
Virginia.  Dalton  (1987)  found  this  bat  in  104  of  170 
caves  surveyed  in  22  western  Virginia  counties,  second  in 
abundance  to  the  little  brown  bat  (. Myotis  lucifugus ). 

CONCLUSIONS 

Five  of  the  six  species  encountered  during  this  study 
had  been  previously  documented  to  occur  in  southeastern 
Virginia.  This  is  the  first  documentation  of  the  presence 
of  Myotis  austroriparius  in  Virginia.  These  records  not 
only  represent  the  northernmost  range  limit  of  the  species 
in  the  mid- Atlantic  region  of  the  eastern  United  States,  but 
also  confirm  its  breeding  status  within  Virginia. 
According  to  Gardner  et  al.  (1992),  few  maternity 
colonies  of  this  species  have  been  found  in  non-cave 
structures.  The  colony  found  along  the  Blackwater  River 
ranks  as  one  of  the  largest  found  outside  of  a  cave.  The 
three  records  of  C.  r.  rnacrotis  contribute  significantly  to 
the  knowledge  of  this  species  in  Virginia.  Of  particular 
importance  is  the  record  from  site  1 1  (Table  1),  which  at 
the  time  of  capture  was  the  northernmost  documented 
locality  and  the  only  natural  roost  known  in  Virginia. 
Furthermore,  the  two  individuals  netted  represent  the  first 
records  of  the  species  in  Virginia  outside  of  a  roost  site. 
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providing  insight  into  the  habitat  required  for  foraging. 
These  discoveries  highlight  the  need  for  continued 
inventory  efforts  for  bats  in  Virginia  in  the  wake  of  new 
methodologies  and  technologies  available  to  biologists. 
Additional  surveys  would  undoubtedly  provide  more 
information  on  the  status  and  distribution  of  each  of  the 
species  known  to  occur  in  southeastern  Virginia. 
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INTRODUCTION 

The  disjunct  historic  range  of  Cicindela  dorsalis 
dorsalis  includes  most  of  the  coastal  sandy  beaches  from 
New  Jersey  to  Cape  Cod  and  much  of  the  eastern  and 
western  shorelines  of  the  Chesapeake  Bay  from  southern 
Maryland  to  Virginia  (Knisley  et  al.,  1987).  Currently, 
this  beetle  is  widely  distributed  and  relatively  abundant  in 
Virginia,  but  only  three  populations  occur  north  of 
Maryland,  all  of  these  in  Massachusetts  (Knisley  &  Hill, 
unpublished  notes).  Because  of  its  dramatic  decline  in 


range,  C.  d.  dorsalis  was  listed  as  a  Threatened  species  in 
1990  under  the  U.  S.  Endangered  Species  Act  (USFWS, 
1 990).  Both  before  and  after  the  listing  there  has  been 
much  survey  and  monitoring  work  to  determine  its 
distribution  and  abundance.  However,  most  of  this  work 
is  in  unpublished  reports  and  not  readily  available,  except 
for  limited  distribution  information  in  Kmselv  et.  al. 
(1987). 

The  most  extensive  adult  survey  of  C.  d.  dorsalis  in 
Virginia  was  conducted  by  the  Virginia  Department  of 
Conservation  and  Recreation  (Division  of  Natural 
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Heritage)  in  1989-90  (Buhlmann  &  Pague,  1992).  This 
survey  included  most  of  the  eastern  and  western  shore¬ 
lines  of  the  Chesapeake  Bay,  but  population  estimates  are 
not  accurate  for  some  sites  where  only  limited  sections  of 
shoreline  were  surveyed.  Also,  some  portions  of  the  Bay 
shoreline  with  potential  habitat  were  not  surveyed. 
Additional  information  on  the  distribution  and  abundance 
of  C.  d.  dorsalis  is  included  in  the  Northeastern  Beach 
Tiger  Beetle  Recovery  Plan  (USFWS,  1994).  Results  of 
more  intensive  surveys  of  selected  sites  are  in  Hill  & 
Knisley  (1994),  Clark  (1997),  and  Kmsley  (1997).  Roble 
(1996)  compiled  the  results  of  these  reports  and  some 
additional  records  through  1 996.  His  report  also  includes 
a  list  of  some  potential  sites  which  were  not  surveyed  for 
C.  d.  dorsalis.  The  objective  of  the  study  presented  here 
was  to  conduct  a  thorough  survey  of  adult  C.  d.  dorsalis 
along  the  western  shoreline  of  the  Chesapeake  Bay  of 
Virginia,  including  all  previously  surveyed  sites  and 
others  not  before  surveyed,  to  determine  its  current  dis¬ 
tribution  and  abundance.  Surveys  of  adult  beetles  on  the 
eastern  Chesapeake  Bay  shoreline  of  Virginia  are  planned 
for  the  summer  of  1 999. 

MATERIALS  AND  METHODS 

We  conducted  most  of  our  field  surveys  for  adults 
from  0930  to  1630  h  on  warm,  sunny  days  from  June  29 
to  July  10,  1 998.  We  surveyed  several  sites  on  July  12-17. 
Adults  are  typically  at  peak  activity  along  the  water  edge 
during  these  hours  and  can  be  easily  counted.  Because 
the  weather  conditions  on  all  of  the  survey  dates  were 
very  similar  and  optimum  for  a  high  level  of  beetle 
activity,  differences  in  adult  numbers  at  the  sites  should 
not  be  attributable  to  weather.  We  selected  the  survey 
dates  to  be  near  the  time  of  peak  adult  abundance  and 
before  beetles  began  to  disperse.  At  this  time,  any  beetles 
present  at  a  site  should  be  individuals  which  developed 
and  emerged  at  the  site  rather  than  ones  that  moved  in 
from  another  site.  Studies  conducted  by  Knisley  &  Hill 
( 1 990)  in  Maryland  suggested  that  adults  have  a  dispersal 
phase  in  mid-July  at  the  time  of  peak  seasonal  abundance. 
We  accessed  several  of  the  large  Northumberland  County 
sites  by  land  but  used  a  boat  access  to  most  of  the  sites. 
We  started  our  surveys  at  Grandview  Beach  (City  of 
Hampton)  on  June  29  and  progressed  north  to  Sandy 
Point,  just  north  of  the  Yeocomico  River  mouth.  At  all 
known  C.  d.  dorsalis  sites  and  at  any  others  that  had  a 
sandy  beach  that  was  at  least  1  m  wide  (above  high  tide), 
we  landed  the  boat  along  the  shoreline  and  walked  most 
or  all  of  the  length  of  the  beach  habitat  searching  for  adult 
beetles.  The  survey  method  that  was  used  to  estimate  the 
adult  population  size  was  an  index  count  of  all  individuals 
that  were  observed  during  a  walk  through  the  entire  site. 
Typically,  one  surveyor  walked  slowly  along  the  water 


edge  and  counted  the  beetles  as  they  were  flushed  up  from 
the  beach  ahead.  Double  counting  typically  did  not  occur 
because  the  beetles  ran  or  flew  to  the  upper  beach  upon 
approach.  At  the  larger  sites,  two  surveyors  counted  diff¬ 
erent  sections  of  shoreline.  At  most  sites  we  were  able  to 
count  individual  beetles,  but  where  they  were  very  dense, 
we  counted  by  fives  and  tens.  This  type  of  index  count 
method  has  been  commonly  used  in  tiger  beetle  surveys 
because  it  provides  a  good  relative  estimate  and  allows  for 
comparison  among  sites  and  years,  if  survey  conditions 
are  favorable  and  a  high  percentage  of  the  adult 
population  is  active  on  the  beach.  We  used  a  GPS 
(Trimble  Scoutmaster)  to  determine  specific  locations  and 
lengths  of  the  survey  sites. 

RESULTS 

The  numbers  of  adults  counted  at  each  site  in  the  1998 
surveys  are  given  in  Table  1  along  with  the  adult  counts 
from  surveys  in  previous  years.  We  also  include  the 
approximate  length  of  shoreline  surveyed  at  each  site. 
We  surveyed  a  total  of  107  sandy  beach  sites  along  the 
western  shoreline  of  the  Chesapeake  Bay  and  found  one 
or  more  C.  d.  dorsalis  at  62  of  these  (Fig.  1 ).  Sites  ranged 
in  length  from  100  m  to  2,700  m.  Individual  sites  were 
typically  bounded  by  inlets  or  other  shoreline  features,  but 
some  sites  were  not  clearly  separated  from  adjacent  sites. 
Sites  also  differed  in  the  nature  of  the  shoreline,  from 
natural,  unmodified  to  highly  modified  with  groins,  bulk¬ 
heads,  or  revetments.  The  total  number  of  adults  counted 
at  all  of  these  sites  was  27,099.  Twenty-three  of  the  sites 
were  new  locations  where  the  species  had  not  been 
previously  documented.  Adults  were  absent  from  9  of 
the  40  western  shoreline  sites  where  they  were  reported 
by  Roble  ( 1 996).  Among  the  62  sites  were  26  with  small 
populations,  <100  adults  (14  with  1-25  individuals,  12 
with  26-99),  21  sites  with  intermediate-sized  populations, 
100-500  adults,  and  15  sites  with  large  populations,  >500 
adults  (8  sites  with  501-1000  adults,  and  7  with  >1000). 
Sixteen  of  the  new  sites  had  small  populations,  but  Oyster 
Creek  had  2, 1 59  adults.  Chapel  Creek  had  608,  and  5  sites 
had  intermediate-sized  populations.  Generally,  the  sites 
with  the  longest  shoreline  had  the  greatest  numbers  of 
beetles  (Table  1 ).  Most  of  the  sandy  beach  sites  with  no 
C.  d.  dorsalis  were  very  narrow  (less  than  2  m  of  beach 
above  high  tide)  and  many  of  these  were  also  highly 
modified  with  shoreline  structures. 

The  distribution  of  C.  d.  dorsalis  along  the  western 
shoreline  ranged  from  Great  Point,  near  the  Yeocomico 
River  in  the  north  to  Grandview  Beach,  north  of  the  City 
of  Hampton  in  the  south.  The  distribution  of  sites  (Fig.  1 ) 
was  rather  continuous  from  Northumberland  County  to 
Mathews  County,  but  south  of  Mathews  County  to 
Grandview  Beach  there  was  a  25+  km  section  of  shoreline 
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Fig.  1 .  Map  of  the  western  shoreline  of  the  Chesapeake  Bay  showing  the  C.  d.  dorsalis  sites.  Missing  numbers  are 
sites  where  C.  d.  dorsalis  occurred  in  previous  surveys  but  not  m  1 998.  Solid  circles  indicate  sites  with  large 

populations  (over  500  adults).  Site  7 1  is  not  shown  in  this  figure. 
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Table  1.  Numbers  of  adult  Cicindela  dorsalis  dorsalis  counted  in  1998  and  in  previous  surveys  at  sites  along  the  western  shoreline 
of  the  Chesapeake  Bay  of  Virginia. 


Site  Site  Name 


Length  of  Numbers  of  C.  dorsalis  Counted: 

Site(m)  1998  1997  1996  1995  1994  ‘89-93  1985 


Northumberland  County 


l 

Balls  Creek 

200 

0 

6' 

2 

Great  Point(Cod  Creek  North) 

200 

2 

5' 

3 

Prestly  Ck. 

1200 

4 

172 

10-151 

4 

Neuman  Neck  South 

1500 

49 

482 

5 

Bridgeman  Ck.(Cordreys) 

700 

0 

20' 

6 

Marshalls  Beach(Hull  Neck) 

700 

2 

o' 

7 

Lowes  Pond  North(Mob  Neck) 

600 

0 

212 

8 

Condit  Pond-Hack  Ck.  (Mob  Neck)  1700 

5016 

1 1282 

9 

Vir-Mar  Beach 

1300 

795 

8292 

1019* 

14982 

10 

Ophelia  Beach 

1400 

1872 

8632 

11 

Ginny  Beach 

400 

1381 

682 

912 

692 

12 

Smith  Point  North 

1400 

2727 

38893 

23143 

1 1502 

33002 

13 

Smith  Point  South 

2700 

1209 

6242 

21302 

14 

Gaskin  Pond  North 

600 

106 

15 

Gaskin  Pond  South 

800 

353 

16 

Owens  Pond 

350 

44 

284 

17 

Chesapeake  Beach  North 

350 

283 

18 

Chesapeake  Beach 

1200 

0 

2: 

1003 

19 

Taskmakers  Creek 

1000 

210 

4862 

2637' 

179' 

20 

Bull  Neck 

600 

5 

36' 

21 

Fleeton  Point 

600 

l 

504 

o' 

86' 

22 

Haynie  Point 

200 

191 

258' 

23 

Sandy  Point 

1900 

168 

2282 

3651 

768 1 

24 

Bussel  Point 

350 

4 

251 

25 

Towles  Creek  South 

600 

3 

26 

Harveys  Creek 

350 

132 

27 

Dameron  Marsh 

1200 

483 

16781 

28 

Ball  Creek  South 

350 

282 

29 

W.  Salt  Pond-Ingram  Cove 

1000 

95 

30 

Hughlett  Point 

1900 

588 

994J 

7453 

2007' 

31 

Jarvis  Point 

200 

131 

1302 

1462 

32 

Bluff  Point  Neck 

2200 

526 

5/lOOm1 

33 

Bluff  Point 

850 

26 

401 

Lancaster  County 

34 

Bluff  Point  South 

150 

0 

30' 

35 

Henry  Creek  South 

100 

0 

25: 

36 

Fleets  Bay  Neck  Northwest 

150 

0 

201 

37 

Rones  Bay  West 

150 

10 

38 

Dymer  Creek  Southeast 

150 

8 

39 

Little  Bay  West 

350 

76 

40 

Little  Bay  Northeast 

400 

69 

100' 

41 

Ovster  Creek 

1500 

2159 

42 

Fleets  Island  Southwest 

1500 

102 

43 

Deep  Hole  Point 

2100 

372 

U  100m2 

44 

Palmer  East 

1100 

196 

45 

Mosquito  Point 

600 

184 

46 

Mosquito  Point  Northwest  Base 

350 

15 

47 

East  Cherry  Point 

400 

280 

1334 

20 1 

Middlesex  County 

48 

Duck  Pond 

1200 

28 

1422 

40 1 

49 

Bush  Park  Creek 

1200 

169 

63' 

50 

Timber  Neck  Northwest 

700 

3 

51 

Stingray  Point 

1700 

0 

10-12' 

52 

Mill  Creek  Harbor 

250 

57 

344 

53 

Stovepoint  Neck  Northeast 

350 

161 

54 

Stovepoint  Neck  East  Middle 

250 

14 
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Table  I.  Numbers  of  adult  Cicindela  dorsalis  dorsalis  counted  in  t998  and  in  previous  surveys  at  sites  along  the  western  shnn*lin<. 
of  the  Chesapeake  Bay  of  Virginia.  ^ 

Site  Site  Name  Length  of  Numbers  of  C.  dorsalis  Counted: 

Sitefm)  1998  1997  19%  1995  1994  *89-93  1985 


Mathews  County 


55 

Chapel  Creek 

1000 

608 

56 

Hills  Bay  West 

850 

4 

57 

Hills  Bay  South 

250 

43  48J 

58 

Narrows  Point  North 

850 

1 

1' 

59 

Gwynn  Island  North 

1200 

191 

60 

Gwynn  Island  East 

1200 

46 

897J 

510" 

61 

Hills  Creek  East 

600 

79 

66' 

62 

Sandy  Point 

1000 

644 

212' 

395/  100m1 

63 

Lilleys  Neck 

500 

0 

31 

64 

Rigby  Island 

290 

104 

644 1 

65 

Bethel  Beach  North(SR  643-609) 

2400 

996 

267' 

66 

Bethel  Beach 

1400 

271 

847' 

700-2000 1 

67 

Winter  Harbor 

2400 

608 

308' 

>1000* 

68 

Bavon  Beach 

2400 

399 

539‘ 

69 

Bavon  Beach  South 

500 

853 

332' 

70 

New  Point 

1000 

1230 

506' 

City  of  Hampton 

71 

Grandview  Beach 

1900 

30 

I421 

1406' 

l  from  Roble  (1996),  2  from  Knisley  (1997),  3  from  Clark  (1997),  and  4  from  Knisley's  unpublished  notes. 


Mathews  County,  but  south  of  Mathews  County  to 
Grandview  Beach  there  was  a  25+  km  section  of  shoreline 
in  Gloucester  County,  York  County,  and  Poquoson  City 
with  no  beetles.  Most  sites  were  very  close  to  the  open 
Chesapeake  Bay  except  for  several  which  occurred 
several  km  upriver  beyond  the  mouths  of  the  Potomac  and 
Rappahannock  Rivers.  Twenty-nine  sites  were  in 
Northumberland  County,  1 1  in  Lancaster  County,  6  m 
Middlesex  County,  1 5  in  Mathews  County,  and  1  in  the 
City  of  Hampton.  A  closer  examination  of  the  1998 
survey  data  indicated  that  most  of  the  beetles  were 
concentrated  in  four  shoreline  sections,  each  of  which  had 
numerous  large  and  intermediate-sized  populations.  The 
greatest  concentration  with  nearly  half  of  all  beetles 
counted  was  in  the  Smith  Point  portion  of 
Northumberland  County  (sites  8  through  site  15)  with 
13,459  adults.  The  other  areas  of  concentration  were  in 
southern  Mathews  County  (sites  62  through  70)  with 
5,105  adults,  in  Lancaster  County  along  the  shorelme  of 
Fleets  Island  and  continuing  west  along  the  north  shore  of 
the  Rappahannock  River  (sites  41  through  47)  with  3,308 
adults,  and  in  extreme  southern  Northumberland  County 
(sites  27-32)  with  2,965  adults. 

The  counts  at  many  of  the  sites  in  1 998  were  much 
different  than  those  of  previous  years.  Adult  numbers  at 
some  of  the  Northumberland  County  (sites  8,  10,  11,  12) 
and  Mathews  County  (62,  65,  67,  69,  70)  sites  with  large 


populations  were  higher  or  similar  to  the  highest  counts  in 
previous  years  (Table  1).  Other  sites  had  moderate  to 
drastically  lower  numbers  in  1998  than  in  any  previous 
year.  For  example,  Gwynn  Island  East  (site  60)  went 
from  a  high  of  897  in  1996  to  46,  Grandview  Beach  (site 
71)  from  a  high  of  1406  in  (1991)  to  30,  Chesapeake 
Beach  from  a  high  of  100  in  1 994  to  0,  and  Fleeton  Pomt 
(site  21)  from  a  high  86  in  1992  to  1.  Lowest  counts  of 
any  previous  years  were  also  recorded  at  Bethel  Beach 
(site  66)  and  Hughlett  Point  (site  30),  two  of  the  sites 
protected  by  the  Virginia  Department  of  Conservation  and 
Recreation. 

DISCUSSION 

The  results  of  this  recent  survey  increase  the  numbers 
of  sites  and  total  numbers  of  C.  d.  dorsalis  adults  along 
the  western  shorelme  of  the  Chesapeake  Bay  from  those 
reported  by  Roble  (1996).  Determining  trends  of 
population  size  and  comparisons  with  previous  counts  are 
not  valid  for  most  sites  because  surveys  were  often  done 
at  different  times  in  the  seasonal  cycle  and  by  different 
surveyors,  and  sometimes  a  different  portion  of  the  site 
was  surveyed.  Many  of  the  previous  surveys  were 
conducted  later  m  the  season  (mid-  to  late  July)  when 
populations  were  at  their  seasonal  peak  and  may  also  have 
included  some  individuals  which  immigrated  from  other 
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sites.  We  did  record  the  presence  and  type  of  shoreline 
modifications  at  each  site,  but  do  not  here  evaluate  their 
possible  effects  of  C.  d.  dorsalis  populations.  Previous 
work  by  Knisley  (1996)  and  Hill  &  Knisley  (1995) 
indicated  that  sites  with  natural,  wider  shorelines  had  the 
largest  numbers  and  densities  of  adults  and  larvae  while 
modified  shorelines  with  bulkheads  and  revetments  had 
the  lowest  numbers  and  densities.  The  restriction  of  C.  d. 
dorsalis  to  the  open  Bay  shoreline  and  mouths  of  the 
large  rivers  probably  indicates  its  preference  to  dynamic 
habitats  where  there  is  greater  tidal  activity  and  sand 
movement  (USFWS,  1994).  We  expected  that  adult 
numbers  would  be  lower  in  1998  than  previous  years 
because  most  of  our  surveys  were  done  1  -2  weeks  before 
peak  seasonal  abundance  and  because  of  the  unusually 
severe  storm  events  (several  hurricanes  and  northeasters) 
that  occurred  throughout  the  Chesapeake  Bay  in  1 997  and 
1998.  The  shoreline  erosion  resulting  from  these  storms 
often  reduces  beach  width  and  may  cause  direct  mortality 
to  adults  and  larvae,  thus  reducing  population  size.  We 
cannot  explain  the  absence  of  beetles  from  the  long 
section  of  shoreline  between  Mathews  County  and 
Grandview  Beach.  We  did  notice  in  our  survey  of  this 
area  that  there  was  very  little  potential  habitat  because 
much  of  the  shoreline  was  marshy  or  with  very  narrow, 
modified  or  stabilized  beaches. 

The  greatly  reduced  numbers  of  adults  at  Chesapeake 
Beach  and  Grandview  Beach  may  have  been  due,  in  part, 
to  the  significant  shoreline  erosion  we  observed  at  these 
sites.  However,  at  many  other  sites  we  observed 
comparable  shoreline  erosion  but  not  a  decline  in  adult 
numbers.  Populations  of  C.  d.  dorsalis  at  the  larger 
shoreline  sites  seem  to  be  less  severely  affected  by  these 
storm  events  because  erosion  tends  to  occur  only  in 
limited  sections  of  beach  (Knisley  &  Hill,  personal 
observations).  Alternatively,  storms  may  result  in 
washovers  and  sand  deposition  which  increase  beach 
habitat  for  C.  d.  dorsalis.  Regular  monitoring  (every  1  -3 
years)  using  uniform  methods  is  needed  at  some  or  all  of 
these  shoreline  sites  so  that  we  may  more  effectively 
assess  population  trends  of  the  Chesapeake  Bay  C.  d. 
dorsalis  populations. 
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New  Locality  Records  for  the  Dismal  Swamp  Green  Stink  Bug 

(Heteroptera:  Pentatomidae) 


Richard  L.  Hoffman 

Virginia  Museum  of  Natural  History 
Martinsville,  Virginia  24112 

Steven  M.  Roble 

Virginia  Department  of  Conservation  and  Recreation 
Division  of  Natural  Heritage 
2 1 7  Governor  Street 
Richmond,  Virginia  23219 

Eric  L.  Quinter 

Department  of  Entomology 
American  Museum  of  Natural  History 
Central  Park  West  at  79th  Street 
New  York,  New  York  10024 


Heretofore  known  only  from  the  Great  Dismal 
Swamp  in  extreme  southeastern  Virginia,  the  green  stmk 
bug  Chlorochroa  ( Rhytidolomia )  dismal  ia  Thomas  1983, 
is  justly  considered  one  of  the  rarest  pentatomids  of  North 
America.  It  was  recommended  for  “Threatened”  status  in 
Virginia  by  Hoffman  (1991),  classified  as  a  category  2 
candidate  species  by  the  U.S.  Fish  and  Wildlife  Service 
from  November  1991  until  February  1996  (this  category 
was  formally  abolished  on  the  latter  date),  and  ranked  as 
GH/SH  (globally/state  historic)  by  the  Virginia  Division 
of  Natural  Heritage.  The  species  is  apparently  known 


only  from  the  holotype  (USNM)  and  a  second  specimen 
(LSU)  from  the  Dismal  Swamp  (Schweitzer,  1989; 
Thomas,  1983).  The  former  was  collected  on  2  August 
1 938  by  L.  D.  Anderson  (Thomas,  1 983)  and  the  latter  (at 
Lake  Drummond)  on  13  June  1938  by  A.  M.  Brues  (L.  H. 
Rolston,  pers.  comm  ). 

During  a  recent  cursory  scan  of  miscellaneous 
pentatomid  material  in  the  entomological  collection  of 
North  Carolina  State  University  (NCSU),  Floffman 
noticed  that  the  tray  headed  “ Rhytidilomia  senilis ” 
appeared  to  contain  two  rather  different  species. 
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Re-identification  of  the  specimens  using  the  revision  by 
Thomas  (1983)  showed  that  half  were  correctly  identified, 
but  that  five  others  are  unquestionably  C.  dismalia.  There 
is  precise  concurrence  with  the  original  description  in  all 
details  of  coloration  and  body  structure,  and  the  three 
apical  lobes  of  the  male  parameres  agree  exactly  with 
Thomas'  figure  of  that  structure  in  the  holotype. 

On  learning  of  the  preceding  discovery,  Robert  L. 
Blinn  (NCSU)  examined  the  material  of  Chlorochroa  in 
the  collection  of  the  North  Carolina  Department  of 
Agriculture  (NCDA)  and  determined  that  the  locality  for 


Rhytidilomia  senilis  cited  by  Brimley  (1938:  61)  is  based 
upon  a  specimen  of  C.  dismalia.  More  recently,  Hoffman 
had  the  opportunity  to  search  the  insect  collections  of  the 
Museum  of  Natural  History,  University  of  Georgia 
(UGCA)  and  of  the  Department  of  Entomology,  Clemson 
University  (CUCC),  finding  a  specimen  from  South 
Carolina  in  the  latter.  With  these  additions,  collection  data 
for  these  records  are  as  follows: 

North  Carolina:  Onslow  Co.:  Jacksonville,  26  June 
1959,  W.  D.  Duckworth,  Id",  1  $  (NCSU);  Hyde  County 
without  further  data,  16  June  1959,  David  A.  Young,  1  d". 


Fig.  1  Known  distribution  of  Chlorochroa  dismalia.  The  imprecise  location  in  Hyde  County,  North  Carolina  is 
indicated  by  a  triangle.  Approximate  location  of  the  Fall  Line  is  shown  by  the  north-south  lme. 
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19  (NCSU);  Harnett  Co.:  Spout  Springs,  10  July  1929 
(collector  not  indicated)  (NCDA).  Without  locality  label: 
“Mid.  Sept.  09,  Z.  P.  Metcalf’,  1  9  (NCSU). 

South  Carolina:  Richfield  Co.,  Columbia,  1  May 
1926,  D.[0.?]  Cartwright,  ltf  (CUCC).. 

Beginning  in  1992,  zoologists  (particularly  Roble) 
from  the  Virginia  Department  of  Conservation  and 
Recreation,  Division  of  Natural  Heritage  have  actively 
sought  C.  dismalia  in  southeastern  Virginia,  focusing 
most  of  their  surveys  in  the  Great  Dismal  Swamp 
National  Wildlife  Refuge.  Survey  methods  included 
sweep  netting  and  beating  of  vegetation,  blacklight  traps 
and  sheets,  and  (for  a  brief  period  only)  Malaise  traps. 
Sweep  netting  of  grass  and  cane  ( Arundinaria  tecta ) 
dominated  areas  along  the  refuge  ditches  was  the  primary 
survey  method.  Cane  stands  were  also  visually  inspected 
for  the  presence  of  pentatomids  on  several  occasions. 
Surveys  conducted  in  the  refuge  on  18  dates  from  1992- 
1997  (18  Apnl-2  October)  failed  to  yield  any  additional 
specimens  of  C.  dismalia  (Roble,  1997).  However,  on  the 
night  of  10  April  1998,  Roble  and  Quinter  collected  3  C. 
dismalia  adults  (2  cf,  1  9  in  VMNH)  along  Williamson 
Ditch  in  the  northern  portion  of  the  refuge  while  searching 
cane  stems  for  moth  larvae.  The  air  temperature  was 
approximately  5°  C  and  the  moon  was  one  night  shy  of 
full;  all  specimens  were  found  between  0010  h  and  0210 
h.  Upon  being  informed  of  the  significance  of  this 
discovery,  Quinter  reported  that  he  had  observed  two  C. 
dismalia  adults  just  three  days  earlier  while  conducting  a 
diurnal  survey  of  cane  stands  along  Forest  Service  Road 
147  in  the  Croatan  National  Forest,  Craven  County,  North 
Carolina.  One  specimen  was  retained  as  a  voucher 
(AMNH).  A  return  trip  to  the  Williamson  Ditch  site  by 
Roble  and  Quinter  on  1 6  May  1 998  revealed  that  all  cane 
stems  along  this  road  had  been  cut  during  routine  mowing 
operations  by  wildlife  refuge  personnel,  thus  rendering  it 
impossible  to  search  for  additional  specimens  of  C. 
dismalia. 

The  known  range  of  this  species  is  herewith  extended 
some  300  miles  (480  km)  south  and  southwest  through  the 
Coastal  Plain,  and  the  possibility  of  still  further  extension 
into  southeastern  Georgia  is  evident  (see  map.  Fig.  1). 
The  recent  collections  indicate  a  close  association  ot  C. 
dismalia  with  cane.  Additional  surveys  of  this  plant  will 
likely  yield  more  specimens  and  help  to  further  delineate 
the  range  and  status  of  C.  dismalia. 
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INTRODUCTION 

Concern  over  amphibian  population  declines  and 
species  extinctions  (e.g.,  Blaustein  &  Wake,  1990; 
Wyman,  1990;  Wake,  1991;  Green,  1997;Lannoo,  1998) 
first  surfaced  in  the  late  1980s.  It  has  since  generated 
efforts  to  determine  the  status  of  these  animals  around  the 
world.  Early  reviews  of  the  scientific  literature  and 
known  ongoing  studies  demonstrated  that  too  few  long¬ 
term  studies  were  available  to  assess  trends  for 
amphibians  in  any  region  (Pechmann  et  al.,  1991;  Vial  & 
Saylor,  1993;  Mitchell  et  al.,  in  press).  This  resulted  in  a 
call  by  the  scientific  community  for  the  establishment  of 
long-term  studies  using  standardized  techniques  so  that 
comparisons  could  be  made  across  space  and  time.  The 
survey  and  monitoring  protocols  outlined  in  such 
publications  as  Heyer  et  al.  (1994),  Fellers  &  Freel 
(1995),  and  Olson  et  al.  (1997)  have  been  since  utilized  in 
studies  around  the  world.  The  techniques  that  may  be 
utilized  on  streamside  salamanders,  such  as  quadrat 
sampling,  transect  sampling,  and  visual  encounter 
surveys,  assume  that  hand  capture  methods  will  be  used, 
a  method  best  suited  for  adults.  Juvenile  and  larval 
salamanders  of  species  inhabiting  stream  habitats, 
however,  pose  special  problems  with  regard  to 
catchability  and  handling. 

Juveniles  and  larvae  are  particularly  difficult  to 
capture  by  hand  because  of  their  wet,  slippery  skm.  In 
addition,  these  small  animals  are  adept  at  escaping  into 
numerous  interstices  among  the  rocks  and  gravel  in  and 
along  the  sides  of  streams.  Capturing  salamanders  in 
these  hiding  places  requires  researchers  to  disturb 
microhabitats  in  small,  fragile  first-  and  second-order 
streams  by  moving  rocks  and  digging  into  the  substrate. 
We  describe  herein  the  use  of  refugia  bags  as  a  technique 
to  capture  and  monitor  juvenile  and  larval  salamanders  in 
streams  without  disturbing  the  habitat.  We  also  provide 
results  from  two  studies  to  demonstrate  the  effectiveness 
of  this  methodology  for  selected  species  of  streamside 
salamanders  in  the  Appalachian  Mountain  region. 


MATERIALS  AND  METHODS 

We  designed  refugia  bags  while  we  were  conducting 
studies  on  the  life  history  of  the  seal  salamander 
( Desmognathus  monticola ),  a  common  streamside 
salamander  in  the  Appalachian  Mountains  (Petranka, 
1998).  The  idea  to  use  refugia  bags  for  amphibians 
resulted  from  the  work  of  aquatic  invertebrate  biologists 
at  the  Femow  Experimental  Forest  lab  who  reported 
finding  juvenile  and  larval  salamanders  in  leaf  packs 
similar  to  those  described  in  Merritt  &  Cummins  (1996). 
Juvenile  and  larval  salamander  refugia  bags  (Fig.  1)  were 
constructed  from  plastic  netting  with  a  mesh  size  of  3-4 
cm.  The  netting  is  the  type  used  to  cover  trees  to  protect 
fruit  from  birds  and  can  be  ordered  from  forestry  supply 
companies  or  purchased  at  feed  and  farm  stores  and 
garden  centers.  Netting  comes  in  rolls  or  in  flat,  folded 
sections.  The  folded  netting  is  easier  to  lay  out,  measure, 
and  cut.  Netting  should  be  cut  into  45-50  x  30  cm 
sections,  and  small  rocks  (no  larger  than  10  x  15  cm) 
placed  in  the  bottom.  Layers  of  mosses  or  leaves  should 
be  placed  on  top  of  the  rocks.  Pull  the  tops  of  the  sections 
tightly  up  and  around  the  rocks  and  leaves,  and  tie  off  the 
top  with  twist-ties.  If  the  bag  is  not  tied  tightly,  then  adult 
salamanders  may  also  seek  shelter  in  the  leaves.  Bags 
should  be  placed  in  water  in  the  streams  but  not 
submerged.  Orange  or  red  flagging  can  be  tied  to  each 
bag  for  easy  recognition  in  the  field.  This  is  especially 
important  in  the  event  that  high  water  covers  the  bag  with 
debris.  To  prevent  bags  from  washing  downstream  during 
high  water  events,  place  a  large  rock  on  the  bag  or  place 
two  large  rocks  below  (and  touching)  the  bag.  Bags  can 
be  checked  periodically  as  dictated  by  the  study  design. 
A  bag  is  checked  by  lifting  it  from  the  stream  and  quickly 
placing  it  in  a  white  plastic  dishpan  and  shaking  it  until  all 
salamanders  have  emerged  from  the  bag  into  the  dishpan. 
The  pan  provides  a  white  background  against  which  the 
salamanders  can  be  easily  observed.  The  bag  can  be 
returned  to  the  desired  location  in  the  stream. 

Once  caught,  juveniles  can  be  identified  to  species, 
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Fig.  1 .  Example  of  a  completed  refugia  bag  used  to  capture  larval  and  juvenile  streamside  salamanders. 


counted,  measured  for  total  length,  snout-to-vent  length, 
and  released.  Data  can  be  recorded  as  the  number  of 
salamanders  of  each  species  and  age  class  per  refugia  bag 
per  sampling  time  interval  or  per  sampling  area.  Data 
from  refugia  bags  provide  estimates  of  relative  abundance 
among  sites  and  species  when  compared  under  similar 
environmental  conditions  and  over  similar  sampling 
periods. 

Refugia  bags  are  similar  to  leaf  pack  samplers  and 
basket  samplers  used  by  aquatic  entomologists  to  study 
macroinvertebrates  in  streams  (e.g.,  Anderson  &  Mason, 
1968;  Hilsenhoff,  1969;  Crossman  &  Cairns,  1974; 
Petersen  &  Cummins,  1974).  Leaf  packs  are  used  to 
sample  larval  insects  in  riffles  of  streams  or  small  rivers 
and  basket  samplers  are  cylindrical  wire  baskets  packed 
with  rocks  and  leaves  for  use  in  riffles  of  larger  rivers. 
Both  techniques  are  used  for  qualitative  and  semi- 


quantitative  sampling  (relative  abundance),  rather  than 
strict  quantitative  sampling  to  density  values  (Merritt  & 
Cummins,  1996). 

RESULTS  AND  DISCUSSION 

We  used  refugia  bags  initially  during  1989-1994  in 
five  watersheds  in  the  Femow  Experimental  Forest, 
USD  A  Forest  Service  Northeastern  Research  Station  at 
Parsons,  West  Virginia.  Of  the  1,523  juvenile 
salamanders  captured  during  this  period,  66.5%  were 
captured  in  bags  and  33.5%  were  captured  by  hand  after 
turning  rocks. 

We  also  examined  the  effectiveness  of  refugia  bags  in 
two  studies  of  juvenile  and  larval  salamanders  in  first- 
order  streams  in  eastern  West  Virginia  from  1 996  to  1 998. 
We  conducted  the  first  study  in  four  streams  on  the  West- 
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vaco  Wildlife  and  Ecosystem  Research  Forest  in  Ran¬ 
dolph  County  and  the  second  study  in  nine  streams  on  the 
U.S.  Department  of  Agriculture  gypsy  moth  control  study 
plots  in  the  Monongahela  National  Forest  in  Pocahontas 
County.  In  these  studies,  seven  streams  were  spring  fed 
and  maintained  a  constant  flow  of  water.  Six  streams  had 
no  spring  connections  and  had  intermittent  flows. 

We  found  five  species  of  salamanders  in  the  1 3  first- 
order  streams  in  both  studies.  Of  these,  Desmognathus 
juveniles  used  the  bags  more  frequently  than  Gyrinophilus 
porphyriticus  and  Eurycea  bislineata  juveniles  (94  vs  7), 
but  larvae  of  the  latter  two  species  occupied  the  bags 
more  often  than  Desmognathus  larvae  (131  vs  24)  (Table 
1 ).  The  low  number  of  Desmognathus  larvae  is  probably 
due  to  the  short  larval  periods  and  restricted  habitat  of 
these  species  in  the  Appalachian  region  (Petranka,  1998). 
The  larval  period  for  Desmognathus  ochrophaeus  is 
known  to  be  less  than  two  weeks,  and  in  some  cases  there 
is  no  free-swimming  larval  stage  (Marcum,  1994).  Newly 
hatched  D.  monticola  larvae  stay  in  water  film  on  the 
undersides  of  rocks,  and  at  later  developmental  stages 
inhabit  the  interstices  of  the  substrate  in  riffles  (Marcam, 
1 994),  making  it  less  likely  that  they  will  encounter  the 
bags. 

We  also  evaluated  the  effectiveness  of  refugia  bags  in 
relation  to  capturing  salamander  larvae  with  aquarium 
nets  and  searching  the  bottoms  of  streams  at  night  with 
flashlights.  Data  in  Table  2  demonstrate  that,  with  the 
exception  of  larvae  that  inhabit  plunge  pools,  such  as  E. 
bislineata ,  bags  are  at  least  as  effective  as  using  nets  and 
more  effective  than  night  searches.  Night  searches  and 
refugia  bags  are  less  disruptive  to  the  stream  habitat  than 
searching  with  nets,  and  bags  are  more  useful  when 
daytime  searches  are  necessary. 

Several  effective  techniques  have  been  used  by 


Table  1.  Total  number  of  juveniles  and  larvae  of  five 
species  of  salamanders  captured  in  refugia  bags  in  first- 
order  streams  in  the  Westvaco  Wildlife  and  Ecosystem 
Research  Forest  (1996-1997)  and  the  USDA  gypsy  moth 
study  plots  in  eastern  West  Virginia  (1997-1998).  Total 
number  of  trap  days  was  274;  each  bag  was  checked 
monthly  June-October. 


investigators  to  capture  salamander  larvae  (Shaffer  et  al., 
1994;  Fellers  &  Freel,  1995;  Mitchell,  1998a,  b).  These 
techniques  involve  using  a  tea  strainer  or  aquarium  dip  net 
to  capture  larvae  from  silt  in  plunge  pools  or  interstices  in 
the  substrate.  Although  larvae  can  be  captured  in  pools 
without  disturbing  the  substrate,  it  is  usually  necessary  to 
dig  into  the  rocks  and  gravel  with  a  tea  strainer  to  capture 
small  larvae.  Refugia  bags  are  effective  for  salamanders 
because  they  provide  a  refuge  where  juveniles  can  find 
shelter  from  cannibalistic  adults  and  predatory  species.  A 
primary  assumption  with  this  technique  is  that  the  escape 
behaviors  of  juveniles  and  larvae  of  all  species  sampled 
are  similar.  Refugia  bags  may  also  provide  a  substrate  for 
small  food  items  for  juveniles,  although  this  needs  further 
investigation.  The  use  of  refugia  bags  provides  a  non- 
mtrusive  method  for  collecting  and  monitoring  juvenile 
and  larval  streamside  salamanders  without  disturbing  the 
substrate.  This  microhabitat  is  used  by  various  life 
history  stages  of  small  benthic  invertebrates  and  is  also 
where  the  eggs  and  larvae  of  several  species  of 
salamanders  reside.  Refugia  bags  provide  an  effective 
method  for  studies  on  the  ecology  and  life  histones  of 
streamside  salamanders,  and  they  are  effective  tools  for 
use  in  long-term  monitoring  programs. 


Table  2.  Number  of  larval  salamanders  captured  by  three 
different  collection  methods  in  first-order  streams  in 
USDA  gypsy  moth  study  plots  in  eastern  West  Virginia. 
Number  of  trap  days  for  bags  =  274  (monthly,  May- 
September)  and  number  of  sampling  periods  for  nets  and 
night  searches  =  12  (monthly,  June-September  1997  and 
1998). 


Refugia  Aquarium  Night 
Species  B 

Desmognathus  fuscus 
Desmognathus  monticola 
Desmognathus  ochrophaeus 
Eutycea  bislineata 
Gyrinophilus  porphyriticus 
Total 


gs 

Nets 

Seal 

11 

13 

1 

6 

3 

1 

1 

3 

0 

22 

333* 

15 

22 

28 

7 

62 

380 

24 

*  Number  of  E.  bislineata  is  high  because  all  searches 
in  1 998  were  conducted  in  pools  where  this  species  was 
abundant. 


Species 

Larvae 

Juveniles 

Total 

Desmognathus  fuscus 

11 

25 

36 

Desmognathus  monticola 

12 

46 

58 

Desmognathus  ochrophaeus 

1 

23 

24 

Eutycea  bislineata 

51 

5 

56 

Gyrinophilus  porphyriticus 

80 

2 

82 
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On  the  Occurrence  of  Several  Species  of  Pterostichine 
Ground  Beetles  in  Virginia  (Carabidae:  Pterostichini) 

Richard  L.  Hoffman 

Virginia  Museum  of  Natural  History 
Martinsville,  Virginia,  24112 


Most  species  of  Southern  Appalachian  beetles  remain 
very  poorly  known,  even  though  the  general  composition 
of  that  fauna  has  been  sketched  in  broad  strokes  for  a  long 
time.  Insofar  as  ground  beetles  (carabids)  are  Concerned 
there  are  still  some  undescribed  taxa  (some  of  them  fairly 
large  forms)  to  be  accounted,  and  for  most  species  our 
knowledge  of  distributional  patterns  is  totally  inadequate. 
These  facts  were  enunciated  by  P.  J.  Darlington  in  1931, 
but  the  challenge  was  not  taken  up  for  another  three 
decades,  when  Thomas  C.  Bair  began  his  extensive 
researches  on  the  Appalachian  carabid  fauna.  Dr.  Barr's 
stimulating  summary  paper  of  1969  catalyzed  this  writer's 
interest  in  the  subject,  and  his  personal  activity  with  the 
Virginia  fauna  commenced  on  a  serious  basis  in  the  early 
1970s.  Collecting  efforts  which  were  largely  incidental  to 
other  work  during  the  next  two  decades  were  substantially 
accelerated  in  1989,  when  a  long-range  program  to 
inventory  the  soil  and  litter  fauna  of  Virginia  was 
commenced  at  the  Virginia  Museum  of  Natural  History. 
Since  a  number  of  range  extensions  and  additions  to  the 
known  fauna  of  the  state  have  accumulated,  it  seems 
desirable  to  put  them  on  record,  and  I  start  with  accounts 
of  several  rather  poorly-known  species  in  the 
Pterostichini,  a  tribe  of  predominantly  sylvan  species  of 
Carabidae.  A  contribution  in  this  same  general  vein  has 
been  published  recently  by  R.  L.  Davidson  (1995),  who 
added  several  pterostichines  to  the  known  fauna  of  the 
state. 


The  taxa  treated  here  have  been  cited  for  "VA"  in  the 
1 993  list  of  Nearctic  carabids  by  Bousquet  &  Larochelle, 
on  the  basis  of  data  -  herein  formally  documented  - 
supplied  to  those  authors.  Unless  otherwise  specified,  all 
material  recorded  below  was  taken  by  me  (or  by  museum 
inventory  work)  and  is  housed  in  the  Virginia  Museum  of 
Natural  History. 

1  .Gastrellarius  blanchardi  (Horn) 

Described  from  Highlands,  North  Carolina,  this 
diminutive  species  has  been  recorded  only  as  far  north  as 
the  Black  Mountains  of  that  state.  Unpublished  records 
extend  the  known  range  considerably  farther  northward 
(about  152  nnles/354  km),  into  southern  West  Virginia: 

Virginia:  Floyd  County.  Buffalo  Mountain,  ca.  3,000 
ft/1,000  m.,  23  May  1968  (T.C.  Barr  Colin  ).  Grayson  Co.. 
Grayson  Highlands  State  Park,  Haw  Orchard  Mountain  at 
4800  ft/1,600  m.,  8  August  1990  (2);  also  30  August  1990 
(1);  south  slope  Mount  Rogers,  ca  4,000  ft/1334  m.,  8 
May  1976  (1);  Whitetop  Mountain,  spruce  forest  at  5320 
ft/1,775  m.,  23  December  1985  (1);  beech  woods  at  5,000 
ft/ 1670  m„  11-31  July  1991  (2).  Tazewell  Co..  Burkes 
Garden,  east  slope  Beartown  Mountain  at  4,000  ft/1,334 
m.,  27  August  1978  (1),  also  17  July  1977  (1). 
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Washington  Co..  Holston  Mountain  on  Cty.  Rt.  757,  ca 
1.6  km.  W  of  Damascus,  30  April  1994  (1).  Wythe  Co.  : 
crest  of  Big  Walker  Mountain,  3,300  ft/1 , 1 00  m.,  15  June 
1957  (1). 

West  Virginia:  Raleigh  Co.  :  8  km  E  of  Shady  Spring 
on  WV  Hy.  3,  14  December  1965  (1).  10  km  WSW  of 
Sandstone,  Fall  Branch,  New  River  gorge,  488  m.,  K.  A. 
Buhlmann  (CMNH  1).  Wyoming  Co.  :  Pineville,  without 
date,  Hubbard  &  Schwarz  (USNM  2).  These  localities 
may  be  at  or  near  the  actual  range  terminus,  perhaps 
represented  by  the  New  River  gorge. 

2.  Pterostichus  (Cylindrocharis)  acutipes  kentuckensis 
Barr 

This  species,  which  masqueraded  for  decades  under 
the  name  P.  grandiceps  Chaudoir,  was  until  recently 
considered  to  be  endemic  to  the  southern  Blue  Ridge.  In 
1969,  however.  Dr.  Barr  discovered  specimens  of  a 
distinctive  subspecies  at  several  localities  in  central 
Kentucky,  and  formally  designated  this  form  as  P. 
acutipes  kentuckensis  in  his  1971  revision  of  subgenus 
Cylindrocharis.  The  existing  gap  of  some  150  miles 
between  the  known  ranges  of  the  two  subspecies  can  now 
be  largely  closed  by  the  discovery  of  acutipes  at  the 
following  sites  in  extreme  southwestern  Virginia: 

Dickenson  County:  Breaks  Interstate  Park,  10  km  N  ol 
Haysi,  28  August  1981  (2);  4  June  1986  (2);  30  June- 17 
July  1991  (1);  17  July-6  August  1991  (2);  6-22  August 
1991  (1);  22  August-6  October  1991  (1);  6  October-  2 
November  1991  (1).  Lee  County  E6  km  W  of  Olmger,  3 
September  1972  (1);  also  Stone  Creek,  Straight  Creek,  and 
Jones'  Creek,  ±  4.8  km  NW  of  Pennington  Gap,  without 
date,  Hubbard  &  Schwarz  (USNM  6).  Scott  County:  1.6 
km  SW  of  Speer’s  Ferry  along  Va.  Hy.  627,  3  September 
1972  (1);  sinkholes  beside  FS  Rt.  776,  7.3  km  W  of 
Dungannon,  21  September  1993,  S.  M.  Roble  (1).  Wise 
Co. :  5  km  E  of  Appalachia,  US  Hy.  23/58,  26  June  197 1 

0). 

Except  for  the  1 991  collections  from  the  Breaks  Park, 
all  specimens  were  found  under  stones  in  moist  wooded 
areas.  The  Breaks  material  is  from  a  drift  fence  site  in 
mixed  oak-magnolia  woods  on  a  fairly  dry  east-facing 
slope  above  the  Nature  Trail  parking  lot.  On  the  basis  of 
Barr's  key,  and  comparison  with  nominate  acutipes  from 
Highlands,  North  Carolina,  these  Virginia  specimens  are 
readily  identified  as  P.  acutipes  kentuckensis  Barr,  1971. 

These  new  localities  extend  the  known  range  of 
kentuckensis  some  208  km  eastward  to  the  edge  of  the 
upper  Tennessee  Valley,  which  now  stands  as  a  possible 
barrier  of  some  48  km  width  to  contact  between  the  two 


subspecies.  There  is  no  reason  to  doubt  that  kentuckensis 
will  be  found  in  southern  West  Virginia,  less  than  32  km 
northeast  of  the  Breaks.  However,  many  decades  of 
collecting  around  Mount  Rogers,  Virginia,  both  by  hand¬ 
picking  and  the  use  of  pitfalls,  have  failed  to  reveal  the 
occurrence  of  nominate  acutipes  in  this  state.  The  locality 
nearest  to  Virginia  known  to  me  is  Cranberry,  Avery  Co., 
North  Carolina,  51.2  km  southwest  of  the  state  line  at 
Whitetop  Mountain.  The  known  range  of  acutipes  is 
closely  paralleled  by  that  of  the  primitive  spider 
Hypochilus  pococki  Platnick,  which  likewise  occurs  in 
eastern  Tennessee  within  a  few  kilometers  of  the  Virginia 
state  line  at  Damascus,  and  also  in  the  Ridge  and  Valley 
Province  in  Washington  and  Scott  counties,  Va.,  although 
not  yet  found  in  the  Mount  Rogers  area  (Fig.  1 ). 


Fig.  1 .  Distributional  records  for  Pterostichus  acutipes. 
The  range  of  the  nominate  subspecies  is  outlined, 
with  the  northernmost  locality  (Cranberry,  N.C.) 
indicated.  Open  circles  in  Kentucky  are  from 
Barr,  1969.  Solid  dots  show  the  new  localities 
listed  in  the  text,  x  =  Mt.  Rogers 


3.  Pterostichus  (Paraferonia)  lubricus  LeConte 

As  recently  as  1 969,  this  small  denizen  of  streamside 
habitats  was  unknown  north  of  the  Black  Mountains  in 
North  Carolina.  It  is  actually  not  uncommon  in  parts  of 
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Fig.  2.  Pterostichus  lubricus  Le  Conte.  Habitus  sketch 
of  male,  dorsal  aspect. 


southwest  Virginia,  and  the  following  localities  more  than 
double  the  extent  of  the  formerly  known  range. 

Bland  Co:.  Little  Wolf  Creek,  ca  9.6  km  SW  of 
Bastian,  26  April  1980,  D.  W.  Ogle  (1).  Carroll  Co:.  Cty. 
Rt.  620,  1 .6  km  E  of  Blue  Ridge  Parkway  at  Piper's  Gap, 
28  June  1984;  Cty.  Rt.  775,  ca  3.2  km  W  of  Fancy  Gap, 
2  June  1 989  ( 1 ).  Floyd  Co. :  beside  US  22 1 ,  12  km  SW  of 
Floyd,  17  April  1974  (1);  by  Mile  148,  Blue  Ridge 
Parkway,  ca  7.7  km  SE  of  Check  (3);  end  of  Cty.  Rt.  727, 
ca  7.2  km  SE  of  Willis,  19  May  1974  (1).  Grayson  Co.: 
southeast  side  Mount  Rogers,  28  Sept  1969  (1),  also  8 
May  1976  (1);  Iron  Mountain  near  Comer's  Rock,  15  July 


1972  (2);  Iron  Mountain,  13  km  ENE  of  Troutdale,  7  May 
1972  (1);  Lewis  Fork,  7.2  km  W  of  Troutdale  on  Cty.  Rt. 
603,  27  June  1974  (1).  Montgomery  Co.  :  beside  Cty.  Rt. 
672,  5  km  SSE  of  Childress,  12  August  1985  (2).  Patrick 
Co.  :  Pinnacles  of  Dan,  below  Townes  Dam,  22  April 
1972  (1).  Pulaski  Co:  ca  3.2  km  W  Snowville,  Cty.  Rt. 
605,  6  June  1981  (1);  along  Mack's  Creek,  Powhatan  Boy 
Scout  Reservation,  ca  13  km  SE  of  Pulaski,  2  August 
1985  (2).  Tazewell  Co.:  Burkes  Garden,  east  slope 
Beartown  Mountain,  14  May  1977  (1),  also  28  August 
1977  (2). 

In  virtually  all  of  the  places  where  I  have  found  this 
species,  it  occurred  along  the  sides  of  small  (<  1  meter 
wide),  low-gradient  streams  in  company  with  Bembidion 
nigrum ,  Agonum  extensicolle,  and  Nebria  pallipes.  Most 
frequently,  specimens  were  found  within  small  mats  of 
dead  leaves  piled  up  during  periods  of  high  water,  rather 
than  under  stones.  Almost  invariably,  collection  sites 
were  ravines  shaded  by  Canada  hemlock  ( Tsuga 
canadensis )  with  understory  of  rosebay  rhododendron 
( Rhododendron  maximum ).  Conditions  for  this  general 
kind  of  biotope  exist  most  frequently  in  three  Virginia 
counties  (Floyd,  Carroll,  and  Grayson)  associated  with  the 
Southern  Section  of  the  Blue  Ridge,  a  region  in  which 
low-gradient  drainage  is  typical,  in  contrast  to  the  steeper 
and  swifter  streamlets  of  the  Ridge  &  Valley  Province  to 
the  west.  It  seems  likely  that  the  range  of  lubricus  in 
Virginia  does  not  extend  much  farther  northeast  than 
presently  known,  with  the  Roanoke  River 


Fig.  3.  Pterostichus  lubricus.  Last  stemite  of  male, 
oblique  lateral  view,  showing  modification  typical  of 
this  species. 
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valley  and  dimmuation  of  the  Blue  Ridge  acting  as 
coincident  bamers.  But  the  situation  to  the  north  and 
west  is  uncertain  and  it  is  not  impossible  that  the  species 
enters  West  Virginia  in  the  Bluefield-Athens  area 
(parallelling  the  case  of  Gastrellarius  blanchardi). 

On  2  August  1 985  several  males  and  a  female  were 
captured  at  the  Powhatan  Scout  Reservation  site  and 
returned  alive  to  the  lab.  An  attempt  to  induce  mating 
was  unsuccessful:  when  a  pair  was  brought  together  the 
male  immediately  attacked  the  female  and  seized  her  by 
a  leg.  Although  they  were  separated  at  once,  apparently 
some  trauma  was  inflicted  as  the  female  died  the 
following  day. 

So  far  as  I  know,  this  species  has  never  been 
illustrated  so  I  provide  here  a  habitus  sketch  (Fig.  2)  as 
well  as  an  enlarged  representation  of  the  modified  male 
ultimate  sternum.  This  has  the  form  of  a  shallow  median 
depression  bisected  by  a  low  thin  ridge  which  is  abruptly 
enlarged  anteriorly  into  a  subcomc-tnangular  projection, 
large  enough  to  be  visible  without  magnification  (Fig.  3). 

The  specimen  illustrated  has  only  three  elytral  setae 
(four  is  the  typical  number),  of  which  the  antenormost  is 
located  in  the  3rd  stria,  the  other  two  in  the  second.  The 
elytra  present  a  characteristic  “oily”  sheen,  which  no 
doubt  led  LeConte  to  his  choice  of  the  species  name. 

4.  Pterostichus  (Argutor)  patruelis  (Dejean) 

This  boreal  species  is  transcontinental  in  Canada  and 
the  northern  tier  of  states,  extending  southward  as  far  as 
Pennsylvania  and  West  Virginia.  Two  collections  of 
patruelis  made  in  western  Virginia  establish  the  species 
still  farther  south,  and  leave  little  doubt  that  it  will  be 
discovered  in  the  high  mountains  of  North  Carolina  and 
Tennessee,  as  the  Whitetop  locality  is  only  5.6  km  from 
the  point  shared  in  common  by  the  boundaries  of  these 
three  states. 

Tazewell  Co..  Burkes  Garden,  shoreline  of  Gose 
Millpond,  at  3,000  ft/1,000  m.  21  May  1978  (1),  det.Y. 
Bousquet.  Grayson  Co..  Whitetop  Mountain,  beside 
rivulet  crossing  Forest  Service  Rt.  89  at  4,800  ft/1600  m. 
14  May  1978(1). 

The  two  collection  sites  could  hardly  be  more 
dissimilar,  water  being  the  only  common  denominator. 
The  Whitetop  specimen  was  taken  in  leaf  litter  beside  a 
swift  cascading  rocky  brook  in  mixed  spruce-northem 
hardwoods  forest.  That  from  Burkes  Garden  was  found  at 
the  muddy  edge  of  an  alder-fringed  pond  in  company  with 
Bembidion  graciliforme  Hayward,  during  “splashing” 
activity. 

5.  Pterostichus  (Bothriopterus)  pensylvanicus  LeConte 


This  widespread  boreal  carabid  has  been  recorded  for 
eastern  North  America  as  far  south  as  Pennsylvania 
(Bousquet  &  Larochelle  1993:  169).  It  is  now  possible  to 
extend  the  known  range  still  farther  southward  through 
the  Appalachians  into  westernmost  Virginia: 

Augusta  Co.  Shenandoah  Mountain,  ca  8.2  km  SW  of 
Reddish  Knob  on  FS  85,  28  May  1 988,  Kurt  A.  Buhlmann 
(1);  Shenandoah  Mountain,  3,500  ft/1,180  m.,  ca  13  km 
NW  of  Stokesville,  22  May  1977  (1).  Highland  Co. 
Locust  Springs  Recreation  Area,  ca  13  km  NW  of 
Hightown,  28  August  1972  (1);  Sounding  Knob,  4,000 
ft/1,330  m,  7.2  km  S  of  Monterey,  17  August  1974  (1). 
Rockingham  Co.  Shenandoah  Mountain,  at  jet  FS  86  and 
Cty.  924,  17  June  1988,  K.  A.  Buhlmann  (4). 

The  specimen  from  Sounding  Knob  appears  to  be  the 
southernmost  known  for  this  species,  but  I  have  little 
doubt  that  pensylvanicus  will  be  found  still  farther  down 
into  Bath  and  perhaps  Alleghany  counties. 

This  material  was  the  basis  for  inclusion  of  Virginia  in 
the  range  of  P.  adstrictus  Eschscholtz  by  Bousquet  & 
Larochelle  (1993:  170).  Mr.  Davidson  noted  the 
misidentification  while  examining  carabid  material  at 
VMNH. 

6.  Pterostichus  (Bothriopterus)  adstrictus  Eschscholtz 

As  noted  in  the  preceding  entry,  Virginia  must  be 
removed  from  the  list  of  states  of  its  known  occurrence. 
So  far  as  known  to  me,  there  are  no  verified  records  for 
adstrictus  south  of  Pennsylvania. 
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FIRST  RECORD  OF  A  SHREW  OF  THE  GENUS 
SOREX  ON  THE  EASTERN  SHORE  OF  VIRGINIA- 
Three  species  of  long-tailed  shrews  ( Sorex  cinereus,  S. 
longirostris ,  and  S.  hoyi )  are  documented  from  the 
Coastal  Plain  of  Virginia  and/or  Maryland  (Hall,  1981; 
Paradiso,  1969;  Webster  et  al.,  1985).  However,  the 
published  distributions  of  these  species  have  not  included 
Accomack  and  Northampton  counties,  which  comprise 
the  Virginia  portion  of  the  Delnrarva  Peninsula,  also 
known  as  the  Eastern  Shore  of  Virginia.  Two  other 
shrews  ( Cryptotis  parva  and  Blarina  brevicauda )  occur 
throughout  the  Delmarva  Penmsula,  including  the 
Virginia  portion  (Bailey,  1946;  Handley  &  Patton,  1947; 
Hall,  1981;  Webster  et  al,  1985).  Two  species  of  .Sorex 
(S.  cinereus  and  S.fontinalis )  are  reported  from  Delaware 
(Ken  Reynolds,  in  litt.),  and  two  ( S .  cinereus  and  S.  hoyi ) 
occur  on  the  Eastern  Shore  of  Maryland  (Paradiso,  1969). 
Paradiso's  (1969)  accounts  include  one  specimen  of  S. 
cinereus  from  Dorchester  County,  Maryland,  which  is 
near  the  middle  portion  of  Maryland's  Eastern  Shore,  as 
well  as  a  specimen  recovered  from  an  owl  pellet  in 
Worcester  County,  Maryland,  which  is  adjacent  to 
Accomack  County,  Virginia. 

As  part  of  an  investigation  of  mammal  distributions  on 
the  Virginia  barrier  islands  and  adjacent  Delmarva 
penmsula,  we  surveyed  approximately  100  North 
American  collections  of  Recent  mammals  for  their 
holdings  from  Accomack  and  Northampton  counties, 
Virginia.  This  survey  revealed  a  skin-plus-skeleton 
specimen  of  Sorex  cinereus  collected  30  December  1950, 
at  Locustville,  Accomack  County,  Virginia  by  H.  B. 
Quay.  This  specimen  is  housed  at  the  Museum  of 
Vertebrate  Zoology,  University  of  California  at  Berkeley, 
MVZ  #  136676. 

Examination  of  this  specimen  and  comparison  with 
representatives  of  S’,  c.  cinereus  (University  of  North 
Carolina,  Wilmington  #  1585,  4968)  and  S.  c.fontinalis 


(United  States  National  Museum  #  290876)  confirm  that 
it  is  referable  to  S.  c.  fontinalis.  Copies  of  Quay’s  field 
notes  are  not  available  (C.  Cicero,  in  litt.),  therefore  the 
exact  location  of  capture  and  the  type  of  habitat  in  which 
this  specimen  occurred  are  unknown.  Paradiso  (1 969: 1 8) 
describes  the  habitat  of  this  subspecies  as  "mixed 
deciduous  woods....  [and]  ...a  dense  tangle  of  sumac  and 
honeysuckle  bordering  a  marsh...  [as  well  as]  ...similar 
habitat  along  a  small  stream.  .." 

This  specimen  confirms  the  historical  occurrence  of  S. 
c.  fontinalis  in  Virginia,  and  provides  evidence  that 
Handley  (1982)  lacked  when  he  stated  that  " S .  c. 
fontinalis  is  not  known  to  occur  in  Virginia."  Efforts  to 
determine  whether  this  taxon  continues  to  exist  in 
Accomack  County  are  underway. 
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Appendix  I 
Specimens  Examined 

Sorex  cinereus  cinereus.  NORTH  CAROLINA. 
Haywood  Co.  1200  yards  S  Shining  Rock  (UNCW 
1585);  McDowell  Co.  7  km  N  Old  Fort,  FR  482,  1950 
ft.  (UNCW  4968). 

Sorex  cinereus  fontinalis.  MARYLAND.  Bethesda 
(USNM  290876).  VIRGINIA.  Accomack  Co. 
Locustville  (MVZ  136676). 
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NEW  MILLIPED  RECORDS  FOR  VIRGINIA  AND 
GEORGIA:  AMERACTIS  SA  TIS  (ZOSTERACTINIDAE, 
JULIDA,  DIPLOPODA)  -  Ameractis  satis  was  described 
by  Causey  in  1959  from  caves  in  White  and  Overton 
counties,  Tennessee,  as  the  type  species  of  a  monotypic 
genus.  Hoffman  (1964)  reviewed  the  North  American 
“nemasomatid”  millipeds  and  found  the  gonopods  of  A. 
satis  to  be  distinctive  enough  to  warrant  the  naming  of  a 
new  tribe  in  Namasomatidae,  Ameractim  ( recte : 
Ameractinini).  Enghoff  (1982),  as  part  of  a  revision  of 
the  entire  nemasomatoid  complex,  recognized  further 
unusual  features  of  the  gonopods  of  A.  satis.  Like  most 
Julida,  a  “sternal  trough”  in  the  posterior  gonopods 


accommodates  the  flagella  of  the  anterior  gonopods,  but 
in  A.  satis  conducts  them  back  to  unusual  closed  furrows 
on  the  anterior  gonopod  telopodites.  Enghoff"  realized  that 
these  furrows  were  shared  with  Zosteractis  interminata 
Loomis,  described  in  1943  from  caves  in  Missouri,  and 
was  unique  to  these  two  genera.  The  family  name 
Zosteractmidae  Loomis  1943  was  available,  and  Enghoff 
transferred  Ameractis  to  it.  Enghoff  also  described  a  new 
species,  Ameractis  chirogona,  from  an  epigean  site  in  the 
Great  Smoky  Mountains  National  Park.  Thus  the  family 
Zosteractmidae  now  consists  of  two  genera  and  three 
species. 

Enghoff  (1982)  published  a  spot  map  of  the 
distribution  of  A.  satis,  showing  it  to  occur  in  caves  in 
White,  Overton,  Monroe,  Decatur,  and  Roane  counties  in 
Tennessee,  Marshall  County  in  Alabama  (as  predicted  by 
Hoffman,  1 964)  and  Madison  and  McDowell  counties  in 
North  Carolina.  According  to  Hoffman  (1964),  T.  C.  Bair 
reported  to  him  that  the  species  was  present  in  caves  in 
Cumberland  and  Hamilton  counties,  Tennessee,  as  well. 
Because  A.  satis  is  a  small,  pale  species  of  milliped  it  is 
easily  overlooked  and  probably  occurs  in  many  other 
localities  in  the  Cumberland  Plateau  in  Tennessee,  and 
may  also  be  expected  in  Kentucky.  The  additional 
Alabama,  North  Carolina,  Georgia  and  Virginia  records 
given  below  make  A.  satis  the  most  widely  distributed 
species  of  troglobitic  milliped  in  North  America. 

One  might  suspect  that  dispersal  of  this  small, 
delicate,  supposedly  troglobitic  milliped  across  the 
formidable  barriers  separating  the  Cumberland  Plateau 
karsts  from  those  of  the  Ridge  and  Valley  Province  would 
be  highly  unlikely,  nor  is  there  any  obvious  vicanance 
explanation  for  the  distribution,  at  least  at  the  species 
level  (the  two  regions  do  share  troglobitic  genera,  but  no 
other  species,  of  milliped).  With  this  in  mind  we  carefully 
compared  our  Virginia  specimen  (details  below)  with 
Enghoff  s  illustrations.  While  Enghoff  s  (and  Hoffman’s) 
drawings  show  the  anterior  gonopod  telopodites  of  A. 
satis  as  featureless  at  their  tips,  under  high  magnification 
we  detected  in  our  specimen  a  small,  acute  projection  and 
what  appears  to  be  a  terminal  vesicle  or  depression. 
These  are  clearly  seen  in  exact  detail  in  Enghoff  s  SEM 
pictures  of  the  anterior  gonopod  telopodite  tips.  Such 
detailed  correspondence  would  seem  to  support  the 
hypothesis  that  the  Virginia  specimen  is  conspecific  with 
Cumberland  Plateau  Ameractis. 

The  records  from  Roane,  Hamilton,  and  Monroe 
counties,  Tennessee,  are  in  the  Great  Valley  and  in  part  of 
the  Tennessee  River  drainage.  This  may  provide  the 
biogeographic  connection  at  least  with  the  easternmost 
Tennessee  localities  where  A.  satis  has  been  found,  and 
through  the  Holston  River  drainage  with  the  Virginia 
record. 

The  northernmost  record  of  A.  satis  in  North  Carolina 
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is  about  120  air  kilometers  south-southwest  of  the  new 
Virginia  record  in  Washington  County.  Millard  Cave, 
where  the  single  male  specimen  (Virginia  Museum  of 
Natural  History)  was  collected  on  18  September  1996,  is 
developed  in  the  lower  Ordovician  to  upper  Cambrian 
carbonate  rocks  of  the  Conococheague  Formation.  It  is  a 
small  cave,  encompassing  about  60  m  of  accessible 
passage.  The  milhped  was  collected  on  dry  driftwood  in 
a  small  passage  that  extends  northward  from  the  main 
passage.  This  side  passage  contains  a  series  of  nmstone 
dams  of  precipitated  calcite.  They  were  dry  during  the 
September  1996  visit,  but  during  December  of  1996,  were 
flooded  up  to  two  feet  in  depth.  The  cave  is  located  on 
private  property  2.3  km  southwest  of  the  town  of  Wallace 
in  Washington  County,  Virginia  (UTM  zone  17,  4054780 
N,  397405  E). 

With  characteristic  kindness,  Henrik  Enghoff 
forwarded  to  us  new  records  of  Ameractis  satis  that  have 
reached  him  since  his  1 982  revision,  and  permitted  us  to 
publish  them.  They  include  a  new  first  record  for  the 
state  of  Georgia.  The  new  North  Carolina  record  deserves 
comment  because  it  is  obviously  not  from  a  cave,  as  are 
all  previous  records  of  A.  satis :  instead  it  comes  from  a 
high  elevation  locality  on  the  Blue  Ridge.  This  ridge 
should  be  checked  by  further  collecting,  and  the  species 
searched  for  at  other  high  elevation  epigean  sites.  Ability 
to  disperse  to  epigean  sites  would  help  to  explain  the  wide 
distribution  of  A  satis.  All  specimens  mentioned  below 
are  in  the  Florida  State  Collection  of  Arthropods, 
Gainesville: 

Alabama:  Jackson  Co.,  Coon  Creek  Cave,  9.6  km  NE 
of  Pisgah,  28  August  1965,  S.  Peck;  Indian  Rocks  Cave, 
5.6  km  S  of  Skyline,  1  August  1967,  S.  Peck.  North 
Carolina:  Graham  Co.,  0.96  mi.  SE  of  Beech  Gap,  4700', 
28  May  1958,  L.  Hubricht,  2  females.  Georgia:  Dade 
County,  Morrison  Cave,  3.2  mi.  E  of  Trenton,  13  July 
1965,  S.  Peck. 
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NEW  DISTRIBUTIONAL  RECORD  FOR 
ORCONECTES  VIRILIS  HAGEN,  1870,  IN  THE  NEW 
RIVER,  VIRGINIA  -  The  northern  crayfish,  Orconectes 
(Gremicambarus)  virilis  Hagen,  1870,  is  a  species 
common  to  the  midwestem  United  States  and  Canada. 
Hobbs  (1989)  listed  the  range  from  Saskatchewan  to 
Ontario,  and  from  Montana  and  Utah  to  Arkansas,  New 
York,  and  Maine.  It  has  been  introduced  into  California, 
Maryland,  parts  of  New  England,  Alabama,  Tennessee, 
Mississippi,  West  Virginia,  Pennsylvania,  parts  of 
Mexico,  and  possibly  into  other  states  (Cooper  et  al., 
1998;  Hobbs,  1989;  Jezerinac  et  ah,  1995).  Schwartz  et 
ah  (1963)  collected  O.  virilis  in  pristine  and  polluted 
sections  of  the  Patapsco  River,  Maryland.  Physical 
habitat  of  the  individual  reaches  ranged  from  4.8  to  107  m 
in  width,  0.3  to  1.5  m  in  average  depth,  and  included 
gravel,  mud,  cobble,  sand,  and  sludge.  Orconectes  virilis 
is  abundant  in  ponds,  where  it  is  commonlv  cultured  for 
bait  and  food  and  sold  alive  by  biological  supply  houses 
(Jezerinac  et  ah,  1995).  In  Virginia,  it  was  first  collected 
in  1928  in  Indian  Creek,  Powell  River  (Lee  County) 
(USNM  129405),  and  has  since  been  reported  from  Broad 
Run,  Potomac  River  (Loudoun  County)  (23  July  1977, 
USNM  148123).  Orconectes  virilis  was  first  recorded  in 
West  Virginia  in  1970  from  the  New  River  in  Summers 
County(USNM  13344;  Jezerinac  et  ah,  1995).  Herein  we 
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report  the  first  record  for  O.  virilis  from  the  New  River  in 
Virginia. 

On  19  September  1997,  a  Form  I  male  of  O.  virilis 
(VMNH  0276)  was  collected  from  the  New  River  at  the 
Radford  Army  Ammunition  Plant  (RAAP)  in  Pulaski 
County,  Virginia,  during  a  two  year  species  inventory  of 
the  area.  The  habitat  can  be  described  as  a  large  river, 
1 50  to  200  m  wide,  with  shallow  riffles  and  deep  pools 
and  a  substratum  consisting  of  boulders  and  cobble 
intermixed  with  sand  and  gravel.  The  specimen  was 
captured  by  hand  in  20  cm  deep  water,  2  m  from  the 
river’s  edge.  We  believe  that  the  presence  of  O.  virilis  in 
Virginia  is  the  result  of  a  fisheries  bait  introduction,  or  an 
upstream  migration  of  the  West  Virginia  population. 
Crayfishes  are  popular  as  bait  used  by  anglers  in  the  New 
River  (Roell  &  Orth,  1993)  and  their  release,  either 
accidental  or  intentional,  is  a  major  source  of 
introductions  across  North  America  (Taylor  et  al.,  1996). 
There  are  no  barriers  in  the  New  River  between  the  West 
Virginia  population  and  the  Virginia  site,  and  crayfish 
could  move  unimpeded  as  far  upstream  as  Claytor  Dam. 

The  impact  of  O.  virilis  on  native  species  in  the  New 
River  is  still  unclear.  When  established  outside  of  their 
native  ranges,  introduced  crayfishes  can  displace 
indigenous  crayfish  species  and  alter  interrelationships  of 
species  in  aquatic  systems  (Bouchard,  1978;  Taylor  et  al., 
1996).  The  spread  of  Orconectes  (Procericambarus) 
rusticus  (Girard,  1952)  has  significantly  reduced  the 
abundance  of  aquatic  macrophytes  in  northern  Wisconsin 
lakes  (Loman  &  Magnuson,  1978).  Bovbjerg  (1970) 
reported  that  O.  virilis  excluded  and  outcompeted  the 
smaller  Orconectes  (T risellescens)  immunis  (Hagen, 
1870)  from  its  shelters.  Other  crayfish  species  we 
collected  at  the  RAAP  site  by  the  authors  Cambarus 
(Cambarus)  sciotensis  Rhoades,  1944  and  Orconectes 
(Procericambarus)  spinosus  (Bundy,  1877).  Further 
studies  are  necessary  to  document  the  expanding 
distribution  of  O.  virilis,  and  the  potential  impacts  that  it 
may  have  on  native  crayfishes. 
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THE  TWO  JOHN  CLAYTONS  OF  VIRGINIA  - 
Because  of  their  identical  names,  these  two  writers  about 
Virginia’s  early  natural  history  have  long  been  confused 
even  though  they  lived  in  different  time  periods.  Perhaps 
the  easiest  way  to  keep  them  separate  is  to  refer  to  the 
earlier  one  as  “The  Reverend,”  and  the  later  one  as  “The 
Botanist.”  From  the  following  condensed  biographies,  it 
will  become  clear  that  “The  Reverend”  was  more  of  an 
all-round  naturalist  and  scientist,  whereas  “The  Botanist” 
concentrated  on  entirely  plants. 

I.  The  Reverend  John  Clayton  (1657-1725) 

This  John  Clayton  was  bom  in  Lancashire,  England, 
graduated  from  Oxford  (B.A.,  1678;  M.A.,  1682),  showed 
an  early  interest  in  science  (medicine,  zoology,  chemistry, 
geology),  and  became  an  ordained  minister  about  1682. 
Thereafter,  he  experimented  with  a  primitive  pressure 
cooker  and  specific  gravity  of  liquids,  distilled  coal,  and 
was  credited  with  the  discovery  of  gas  lighting.  Such 
experiments  impressed  scholars  at  Oxford  and  the  Royal 
Society.  He  had  hoped  to  continue  some  experiments 
when  he  arrived  in  Virginia  in  1684,  but  unfortunately  all 
his  equipment  was  lost  at  sea.  Although  somewhat 
disheartened,  he  proceeded  with  his  ministerial  duties,  and 
kept  copious  notes  on  natural  and  physical  attributes 
observed  in  the  New  World.  He  went  to  Virginia  with  a 
sound  scientific  training  and  with  the  intention  of  learning 
as  much  as  possible  about  its  many  natural  and  physical 
curiosities. 

As  rector  of  the  Jamestown  church,  Clayton  met  many 
prominent  people,  including  the  Governor  (Lord  Howard 
of  Effingham),  Secretary  of  State  (Nicholas  Spencer),  and 
wealthy  planters  such  as  William  Sherwood  and  William 
Byrd  I  Another  acquaintance  was  the  Reverend  John 
Banister,  rector  of  Charles  City,  who  soon  became  a 
famous  naturalist  and  botanist.  Although  they  met  once 
and  discussed  some  evolutionary  problems  and  cicadas, 
it  is  not  clear  how  much  they  saw  of  each  other.  His  most 
congenial  friend  was  William  Byrd  I  from  whom  he 
learned  much  about  the  countryside  and  Indian  trade. 
Clayton  provided  an  early  map  of  Jamestown,  and  then 
traveled  in  the  settled  portions  of  the  colony's  tidewater 
area-Gloucester,  Isle  of  Wight,  Nansemond,  and  New 
Kent.  For  the  two  years  he  was  in  Virginia,  he  drew 
plants,  made  some  collections,  and  gained  a  vast  fund  of 
knowledge  about  the  colony. 


Clayton  returned  to  England  in  1686,  taking  some 
drawings  of  plants,  probably  some  collections  and  much 
information  about  Virginia.  On  ship-board  he  took  notes 
on  sea  turtles,  the  habits  of  "smal  black  divers" 
(=Dovekies),  and  "prodigious  floating  Islands  of  Ice."  In 
England  he  continued  pastoral  duties  as  rector  of  the 
ancient  Church  of  All  Saints  at  Crofton  and  his  scientific 
studies.  Once  he  traveled  to  London  to  discuss  his  design 
of  a  speaking  trumpet  with  the  famous  Robert  Boyle.  He 
worked  with  Dr.  Allen  Moulin  with  whom  he  prepared 
exquisite  detailed  drawings  of  dissected  birds'  heads  and 
nervous  systems.  In  1697  he  became  Dean  of  Kildare  in 
Dublin,  Ireland,  where  he  remained  until  his  death  in 
1725. 

Between  1688  and  1694  Clayton,  as  the  Rector  of 
Crofton  at  Wakefield  in  Yorkshire,  sent  several  lengthy, 
detailed  letters  to  the  Royal  Society,  each  published  in  the 
Philosophical  Transactions  of  the  Royal  Society  of 
London.  They  dealt  with  air  and  weather,  water,  "Earth 
and  Soyl,"  "Of  the  Birds,"  and  "Beasts  of  Virginia" 
(mammals,  reptiles,  amphibians,  fish).  Each  of  these 
constituted  the  most  complete  accounts  from  Virginia 
published  in  the  17th  century.  He  intended  to  write  other 
articles  on  insects  and  plants,  but  no  manuscripts  have 
ever  been  found.  In  1688  he  read  a  letter  to  the  Royal 
Society  on  the  Woods/Fallam  expedition  "from  Virginia 
beyond  the  Apalachin  mountains,"  or  "Discovery  of  the 
South  Sea." 

Concerning  his  collections  in  Virginia,  in  his  letter  "Of 
the  Birds,"  Clayton  wrote  "I  had  indeed  begun  once  whilst 
I  was  in  that  country  to  have  made  a  Collection  of  the 
Birds,  but  falling  sick  of  the  Gnpeing  of  the  Gutts,  some 
of  them  for  want  of  care  corrupted  wch  made  them  fling 
others  away  that  I  had  thoroughly  cured  for  I  was  past 
takeing  care  of  them  myself,  there  remaimng  but  small 
hopes  of  my  life."  Certainly  this  loss  of  bird  specimens 
was  tragic  because,  had  they  survived,  they  would  have 
been  among  the  earliest  type  specimens  from  the  New 
World. 

Clayton  has  been  considered  to  be  the  best  bird 
observer  who  had  reached  the  American  colonies.  He 
was  the  first  Englishman  to  name  12  new  birds  from 
Virginia  with  either  appropriate  names  or  adequate 
descriptions-for  example.  Belted  Kingfisher,  Snowy  Owl, 
and  Purple  Martin.  He  still  persisted,  as  did  his 
predecessors  in  Virginia,  in  comparing  Virginia  birds  with 
those  seen  in  England,  using  the  expression  "are  much 
like  ours"  (Jay,  Chaffinch,  Turtle-dove),  then  pointing  out 
differences.  Ornithologists  have  been  impressed  by  the 
number  of  birds  which  can  be  identified  from  his 
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descriptions  and  consider  his  accounts  outstanding  for  that 
time.  His  published  paper,  "Of  the  Buds,"  constituted 
most  of  the  detailed  observations  written  about  American 
birds  prior  to  the  time  of  Mark  Catesby  and  Alexander 
Wilson. 
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II.  John  Clayton  (1694-1773) 

A  distant  relative  of  the  scientifically-minded  Rev. 
John  Clayton,  this  John  Clayton  came  to  Virginia  from 
England  in  1720,  became  an  affluent  farmer-planter,  and 
served  as  Clerk  of  Gloucester  County  for  50  years.  His 
father,  Virginia’s  Attorney  General,  and  William  Byrd  II 
had  enjoyed  a  long  association  at  Westover,  and  it  is 
likely  that  Byrd,  his  wife's  brother-in-law  John  Custis,  Dr. 
John  Mitchell,  John  Bartram,  and  Mark  Catesby  all 
influenced  the  development  of  young  John  Clayton  into  a 
botanist.  Aided  by  a  substantial  inheritance  from  his 
father,  Clayton  developed  his  own  botanical  garden  at  his 
home  “Windsor,”  near  the  Piankatank  River  at  its  mouth 
on  the  Chesapeake  Bay.  He  corresponded  with  Byrd  and 
many  others  about  seeds  and  plants.  He  became  well 
known  to  members  of  the  natural  history  circle  on  both 
sides  of  the  Atlantic,  especially  in  his  contribution  to 
Flora  Virginica  published  in  1739  and  1743. 

In  the  1730s  he  prepared  a  manuscript,  “A  Catalogue 
of  Plants,  Fruits,  and  Trees  Native  to  Virginia,”  and  sent 
it  to  Johann  Frederick  Gronovius  in  Leiden  who,  in 
collaboration  with  Linnaeus  but  without  Clayton’s 
consent,  compiled  and  published  it  as  Flora  virginica  in 
1739.  Even  so,  Clayton  continued  to  send  Virginia  plant 
collections  to  Gronovius  via  Mark  Catesby,  and  then 
Gronovius  published  a  second  part  of  Flora  virginica  in 
1743.  Clayton  undertook  his  own  revision  of  Flora 
virginica ,  but  lacking  a  publisher,  once  again  he  was 
preempted  publication  as  Gronovius’  son  published  a 
revised  edition  in  Leiden  in  1762. 

The  only  major  publication  by  Clayton  on  wildlife 


appeared  in  a  letter  written  in  1739  ( Virginia  Magazine  of 
History  and  Biography  7:172-174,  1900).  Therein,  he 
briefly  mentioned  mammals  (wolves,  panthers,  wild  cats, 
elk,  etc.)  and  a  “great  plenty  and  variety  of  fish.”  His 
descriptions  of  birds  is  more  complete:  "wild  Turkey's 
very  numerous,  Partridges  (the  size  and  colour  like  y'r 
Quails),  wild  Geese,  Swans,  Brants,  Cormorants,  Teal, 
Duck  and  Mallard,  Black  ducks  and  another  sort  we  call 
Summer  Ducks,  Plover  2  or  3  sorts.  Sons  (a  delicious 
eating  bird  in  Shape  and  way  of  living  like  y'r  Water 
Rails),  Heath  Fowls  (called  here  improperly  Pheasants)  2 
sorts,  wild  Pidgeons  in  prodigious  great  flocks.  Fieldfares, 
Woodcocks  (...only  in  summer)  Snipes,  Herons,  bitterns. 
Eagles,  Larks  2  sorts  one  of  w'ch  are  here  all  the  year 
round,  are  as  big  as  Quails,  the  other  are  seen  only  in 
winter  and  are  much  like  your  lark"  (p.  173). 

Subsequently,  Mark  Catesby  in  his  Natural  History  of 
Carolina ,  credited  Clayton  for  his  description  of  the 
Whip-poor-will 

Clayton  became  a  respected  member  of  the  natural 
history  circle  on  both  sides  of  the  Atlantic.  He  made  many 
journeys  throughout  the  colony  to  study  natural  history, 
even  as  far  as  the  Blue  Ridge  and  Great  Valley,  after 
which  he  wrote  about  “Smoaky  Weather”  (smoke  from 
Indian  fires)  and  “an  uncommon  kind  of  humming  bird.” 
When  the  Virginia  Society  for  the  Promotion  of  Useful 
Knowledge  was  organized  in  1773,  he  was  chosen 
president.  Some  of  his  herbarium  specimens  have  been 
preserved  in  the  British  Museum. 

Today,  John  Clayton  the  botanist,  having  learned  and 
employed  the  new  Linnaean  nomenclatural  system,  is  best 
remembered  for  his  contribution  to  Flora  Virsinica  and 
his  introduction  of  sound  scientific  principles  into 
botanical  studies  in  the  United  States.  Thomas  Jefferson 
characterized  Clayton  who  “passed  a  long  life  exploring 
and  describing  its  [Virginia’s]  plants,  and... enlarged  the 
botanical  catalogue  as  much  as  almost  any  man.” 

Bibliography 

Barton,  B.  S.  1808.  Memorial  to  John  Clayton. 
University  of  Pennsylvania,  Philadelphia,  PA. 

Berkeley,  E.,  &  D.  S.  Berkeley.  1963.  John  Clayton. 
Pioneer  of  American  Botany.  University  of  North 
Carolina  Press,  Chapel  Hill,  NC. 

Frye,  H.  1990.  The  Great  Forest,  John  Clarion  and 
Flora.  Dragon  Run  Books,  Hampton,  VA.  121pp. 

David  W.  Johnston 
5219  Concordia  St. 

Fairfax,  Virginia  22032 


46 


BANISTERIA 


NO.  12,  1998 


Miscellanea 


Book  Reviews 

The  Biology  of  Tiger  Beetles  and  a  Guide  to  the  Species 
of  the  South  Atlantic  States,  by  C.  Barry  Knisley  and  Tom 
D.  Schultz.  1997.  Virginia  Museum  of  Natural  History 
Special  Publication  Number  5.  210  pp.  Available  in  soft 
cover  only  (ISBN  1-884549-07-1)  from  the  Publications 
Department,  Virginia  Museum  of  Natural  History,  1001 
Douglas  Avenue,  Martinsville,  V A  241 12  for  $19.95 
(Virginia  residents  must  add  4.5%  sales  tax)  plus  $1.50 
shipping  and  handling  (phone  540-666-8656  for  more 
information). 

This  attractive  book  was  published  during  the  last 
week  or  two  of  1997,  unfortunately  a  bit  too  late  to  be 
considered  as  a  potential  Christmas  gift  for  students  of 
natural  history.  Tiger  beetles  are  very  popular  with 
amateur  collectors,  primarily  due  to  their  diversity,  color 
variety,  range  of  habitats,  and  usually  rapid  evasive 
behavior  (which  increases  the  challenge  of  capturing  them 
with  a  net).  As  with  other  popular  groups  such  as  birds 
and  butterflies,  the  collective  efforts  of  many  amateurs 
and  professionals  have  resulted  in  considerable 
knowledge  regarding  the  distribution  and  abundance  of 
many  tiger  beetle  species  in  North  America. 
Consequently,  all  state  natural  heritage  programs  maintain 
databases  regarding  the  conservation  status  of  their  local 
faunas.  Tiger  beetles  have  also  proven  to  be  good 
subjects  for  scientific  studies  of  topics  such  as  behavior, 
ecology,  and  physiology.  An  entire  journal  (Cicindela), 
now  in  its  30th  volume,  is  devoted  to  this  relatively  small 
group  of  beetles,  which  are  classified  either  as  a  separate 
family  (Cicindelidae)  or  as  a  subgroup  of  the  ground 
beetles  (subfamily,  tribe,  or  supertribe  of  Carabidae).  The 
text  on  the  back  cover  of  the  book  states  that  it  is  intended 
for  professional  entomologists,  amateur  cicmdelophiles, 
educators,  conservationists,  and  any  other  interested 
parties.  The  geographic  coverage  of  species  treated  by 
the  authors  includes  the  Atlantic  coastal  states  from 
Delaware  to  Georgia,  but  this  portion  accounts  for  only 
about  half  of  the  text.  The  remainder  of  the  book  contains 
extensive  information  on  tiger  beetles  in  general,  which 
should  increase  its  appeal  to  readers  outside  of  the  region. 

The  format  of  the  book  is  6  x  9  inches;  it  is  nearly  3/4 
inch  thick  and  my  copy  is  well  bound  and  has  a  flexible 
cover.  The  attractive  cover  includes  a  color  photograph 
of  an  adult  Cicindela  patmela.  The  text  is  very  densely 
packed  on  each  page,  with  the  right  margin  extending 
almost  to  the  very  edge  of  the  paper.  The  font  is  rather 
large  (about  12  point)  and  there  is  no  spacing  between 
paragraphs,  and  only  one  blank  line  between  subheadings 


or  species  accounts.  This  arrangement  was  presumably 
chosen  to  reduce  the  number  of  pages  and  hence  printing 
costs,  but  1  believe  that  the  use  of  a  slightly  smaller  font 
and  more  generous  margins  (e.g.,  half-inch),  plus  spacing 
between  paragraphs,  would  have  resulted  in  a  book  of 
similar  length  but  more  comfortable  reading  (compare 
with  Mitchell  &  Anderson  [1994],  another  of  the 
museum’s  special  publications).  Oddly,  there  are  12 
blank  “notes”  pages  scattered  throughout  the  book,  mostly 
at  the  ends  of  chapters  or  sections  ending  on  odd- 
numbered  pages.  I  doubt  if  these  will  prove  to  be  of  much 
use  to  most  readers.  There  is  no  mention  of  the  titles  of 
other  special  publications  of  the  museum  on  the  blank  last 
page  or  either  of  the  inside  book  covers,  a  missed 
opportunity  in  my  opinion. 

The  first  six  chapters,  accounting  for  more  than  a  third 
of  the  book  (79  pages),  consist  of  a  comprehensive  review 
of  tiger  beetle  biology.  The  last  major  review  was  that  of 
Pearson  (1988),  nearly  a  decade  earlier.  Knisley  and 
Schultz  cover  many  of  the  same  topics  that  were  reviewed 
by  Pearson,  but  often  in  greater  detail,  and  they  also 
discuss  a  number  of  additional  topics.  New  data  that  have 
been  published  during  the  past  decade  are  included,  when 
available,  and  the  authors  occasionally  add  their  own 
unpublished  observations.  They  frequently  point  out  data 
gaps  or  mention  specific  questions  or  topics  that  are  ripe 
for  experimental  study.  Chapter  titles  are:  (1) 
Systematics,  biogeography,  and  geographic  variation;  (2) 
Development,  life  history,  and  seasonality;  (3)  Larval 
biology;  (4)  Adult  biology;  (5)  Natural  enemies  and 
defense;  and  (6)  Conservation.  The  first  chapter  ( 1 1 
pages)  is  the  most  technical  and  may  be  challenging  to 
comprehend  for  some  readers.  However,  the  rest  of  the 
book  is  fairly  easy  reading  and  the  writing  is  generally 
clear.  Also,  there  are  very  few  typographical  errors  (e.g., 
aposomatic;  use  of  principle  instead  of  principal;  1  or  2 
dubious  hyphenations)  to  contend  with  in  the  text.  These 
first  six  chapters  are  crammed  with  all  sorts  of  interesting 
facts  about  tiger  beetles,  including  the  potentially 
surprising  revelation  that  they  are  fluid  feeders  (i.e.,  they 
predigest  their  prey)  despite  the  possession  of  prominent, 
sickle-shaped  mandibles,  their  range  of  brilliant  colors  is 
due  to  structural  rather  than  pigment  differences,  and  the 
fastest  known  running  insect  is  a  tiger  beetle.  One  very 
basic  topic  that  the  authors  failed  to  discuss  is  why  these 
insects  are  commonly  known  as  “tiger  beetles”  in  the  first 
place.  The  chapter  on  conservation  is  very  timely  and 
important.  Most  tiger  beetles  are  very  habitat-specific, 
thereby  increasing  their  vulnerability  to  habitat  alteration 
and  destruction.  In  chapter  6,  we  leam  that  there  are  three 
very  rare  or  declining  species  in  the  southeastern  United 


MISCELLANEA 


47 


States  (i.e.,  Cicindela  d.  dorsalis ,  C.  highlandensis  and  C. 
puritana).  Table  6-1  does  not  indicate  that  the  former 
taxon  has  been  recorded  from  Delaware,  whereas  Table  8- 
1 ,  Map  6  and  Appendix  B  do.  However,  it  seems  likely 
that  the  last  three  sources  are  actually  in  error  and  should 
have  listed  C.  d.  media  instead,  because  this  is  the 
subspecies  that  historically  ranged  along  the  Atlantic 
coast  from  southern  New  Jersey  to  the  tip  of  Florida  (C. 
d.  dorsalis  is  restricted  to  Chesapeake  Bay  beaches  within 
the  region  covered  by  this  book).  Furthermore,  the 
federal  recovery  plan  for  C.  d.  dorsalis  (U.S.  Fish  and 
Wildlife  Service,  1 994),  which  was  prepared  primarily  by 
Knisley  and  a  colleague,  does  not  mention  any  historical 
or  extant  records  of  this  subspecies  from  Delaware. 

Chapter  7  contains  a  discussion  of  tiger  beetle  habitats 
and  biogeography  in  the  south  Atlantic  states.  The  next 
chapter  (5 1  pages)  consists  of  individual  accounts  for  the 
32  taxa  (30  species)  recorded  from  this  region.  Only  two 
genera  occur  here:  Megacephala  with  2  species  and 
Cicindela  with  28  species.  Tetracha  is  briefly  mentioned 
as  being  an  older  name  for  the  former,  whereas  Pearson  et 
al.  (1997)  believe  that  Megacephala  and  Tetracha  should 
be  regarded  as  separate  genera  (and  thus  the  latter  name 
would  apply  to  North  American  species).  A  brief 
discussion  of  taxonomic  characters  precedes  a 
dichotomous  key  that  can  be  used  to  identify  the  adults  of 
all  species  in  the  region.  The  authors  did  not  prepare  a 
key  to  larval  tiger  beetles  because  the  larvae  of  six  species 
in  the  region  (20%  of  fauna)  are  still  undescribed  and  they 
believe  that  published  differences  between  several  other 
species  may  not  be  reliable.  The  format  of  each  species 
account  is:  scientific  name  and  author;  reference  to  color 
photograph  and  range  map;  description  (adults  only; 
includes  characters  used  to  distinguish  each  species  from 
similar-looking  congeners);  habitat  and  distribution;  and 
biology.  Most  tiger  beetles  lack  common  names  and  none 
are  coined  by  the  authors.  The  species  accounts  are  well 
written  and  we  learn  on  more  than  one  occasion  that 
virtually  nothing  has  been  published  regarding  the  natural 
history  of  several  species  in  the  region.  Therefore,  an 
opportunity  exists  for  both  amateurs  and  professionals  to 
contribute  to  our  knowledge  of  these  species  in  particular. 
Chapter  9  concerns  methods  for  the  collection  and  study 
(e.g.,  rearing,  field  sampling)  of  tiger  beetles,  including 
both  adults  and  larvae.  Much  of  this  information  will  be 
particularly  valuable  to  conservationists  engaged  in 
studies  of  rare  species.  Included  are  such  time-honored 
techniques  as  the  “stalk  and  slap”  method  of  capturing 
adults  and  “fishing”  for  larvae,  as  well  as  more  recent 
innovations  such  as  pitfall  traps.  With  reference  to  the 
latter,  the  authors  fail  to  mention  that  a  non-toxic, 
biodegradable  alternative  (brand  name  is  Sierra)  to 
ethylene  glycol  (=  automobile  radiator  antifreeze  fluid)  is 
now  available  for  use  as  a  suitable  temporary  preservative 


(Hall,  1991). 

In  the  center  of  the  book,  there  are  16  color  plates 
containing  34  mostly  excellent  photographs;  the  majority 
of  these  were  taken  by  Tim  Koenig.  Unfortunately,  there 
is  no  photograph  of  Cicindela  limbalis.  All  of  the  beetles 
are  shown  at  larger  than  life  size.  Several  photos  (5,  11, 
26  and  27)  appear  to  be  slightly  yellowish,  whereas 
photos  8  and  1 3  probably  should  have  been  enlarged  and 
cropped  to  eliminate  distracting  backgrounds  and  make 
the  beetles  similar  in  size  to  those  in  the  other  photos. 
Key  characters  are  not  mentioned  in  the  plate 
descriptions,  but  are  included  in  the  text  of  the  species 
accounts.  The  relatively  few  black  and  white  photographs 
included  in  the  book  range  from  good  to  poor;  it  is 
virtually  impossible  to  see  what  the  photo  caption 
describes  in  several  (e.g.,  Figures  4-6,  5-2)  of  them. 
Figure  5-1  lacks  a  scale,  which  would  have  been  helpful 
because  the  size  of  these  parasitic  flies  is  not  mentioned 
in  the  text.  The  lme  drawings  are  generally  good, 
especially  those  of  larval  anatomy.  Three  of  the  five 
drawings  in  Figure  3-2  are  not  labelled.  Also,  Figure  8- 
2B,  which  is  of  considerable  importance  to  users  of  the 
key,  could  have  been  labelled  more  thoroughly  by  using 
longer  lines  to  connect  the  terms  and  structures  (as  was 
done  in  Figure  8-2 A)  and  possibly  also  by  specifically 
pointing  out  what  the  authors  mean  in  couplet  13  when 
they  refer  to  the  “knee”  and  “foot”  of  the  middle  band. 

Appendix  A  consists  of  county  range  maps  (only  state 
and  physiographic  province  outlines  are  shown)  for  31 
taxa  in  the  six  state  (Delaware  to  Georgia)  region. 
Separate  maps  were  prepared  for  the  two  subspecies  of 
Cicindela  dorsalis  (which  show  little  intergradation 
according  to  the  authors)  treated  in  the  book,  but  no 
attempt  was  made  to  map  the  subspecies,  including 
intergrade  populations,  of  Cicindela  scute llaris.  To 
determine  specific  counties  of  occurrence  (based  on 
specimen  records),  the  reader  can  consult  the  alphabetical 
listing  in  Appendix  B.  This  is  the  only  text  in  the  book 
that  is  not  justified  along  the  right  margin.  There  are 
numerous  minor  typographical  problems  with  the  county 
lists,  including  extraneous  commas  and  periods,  uneven 
spacing,  inconsistent  entries  (e.g.,  Prince  Georges  vs. 
Prince  George’s,  St.  Marys  vs.  St.  Mary’s,  Norfolk  [the 
former  Norfolk  County,  Virginia  is  now  mostly  part  of  the 
City  of  Chesapeake]  vs.  Norfolk  City,  Virginia  Beach  vs. 
Virginia  Beach  City,  Suffolk  City  vs.  City  of  Suffolk), 
spelling  errors  (Dickinson  for  Dickenson,  Loudon  for 
Loudoun),  and  improper  alphabetical  order  (e.g, 
Charlotte  before  Charles  City,  Jackson  before  Haywood, 
Suffolk  City  before  Page).  The  distinction  between  the 
Maryland  (Allegany)  and  Virginia  (Alleghany)  spellings 
is  correct  in  most  but  not  all  cases.  It  is  somewhat  unclear 
if  the  District  of  Columbia  is  included  in  the  Maryland  list 
of  counties  as  both  “D.C."  and  “Washington,  D.C.  or 
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only  the  former,  because  its  placement  (either  under  D  or 
at  the  end  of  the  county  list)  varies.  The  last  two  entries 
(“Washington,  D  C.”)  for  several  species  could  mean  both 
Washington  County,  Maryland  and  the  District  of 
Columbia  (which  I  presume  is  the  case),  or  only  the  latter. 
Virginia  county  records  for  Cicindela  hirticollis  include 
“Lynchburg”  (mysteriously  placed  alphabetically  between 
Arlington  and  Gloucester),  which  is  a  city  rather  than  a 
county  and  therefore  should  have  been  listed  as 
Lynchburg  City  to  be  consistent  with  the  other  entries. 
Inclusion  of  “County”  after  Mecklenburg  is  unnecessary 
because  there  is  no  Virginia  city  by  that  name. 

Most  of  the  range  maps  appear  to  accurately  portray 
the  data,  but  when  I  noticed  that  the  first  map 
(. Megacephala  Carolina )  includes  one  dot  in  eastern 
Tennessee,  a  state  outside  of  the  south  Atlantic  region, 
decided  to  scrutinize  it  a  little  more  closely.  Upon  doing 
so,  I  determined  that  27  dots  are  plotted  on  the  map  for 
this  species  in  North  Carolina,  whereas  29  counties  are 
listed  in  Appendix  B  for  this  state.  Concurrent  with  the 
publication  of  this  book  was  a  paper  by  Pearson  et  al. 
(1997),  in  which  those  authors  prepared  generalized  range 
maps  for  all  North  American  species  of  tiger  beetles. 
Comparison  of  the  range  maps  in  these  two  publications 
reveals  that  currently  available  records  for  the  south 
Atlantic  states  do  not  fully  support  the  degree  of  shading 
portrayed  by  Pearson  et  al.  (1997)  in  this  region  for  some 
species.  Conversely,  Kmsley  and  Schultz  report  that 
several  species  have  more  extensive  distributions  in  this 
region  than  portrayed  by  Pearson  et  al.  (1997).  Perhaps 
the  most  notable  of  these  is  the  first  report  of  Cicindela 
gratiosa  from  Virginia,  which  establishes  a  new  northern 
range  limit  for  this  species. 

The  bibliography  is  rather  extensive,  spanning  19 
pages  and  containing  314  references,  including  several  in 
languages  other  than  English  (but  a  lower  proportion  than 
was  cited  by  Pearson,  1988).  The  format  for  book  chapter 
citations  is  somewhat  variable.  An  8-page  glossary 
includes  1 14  terms  ranging  from  aedeagus  to  xeric.  Some 
notable  omissions  include  cuesta,  lunule,  punctae,  scarp, 
stemmata,  stemite,  and  subspecies.  The  term  “stemmata” 
is  used  in  three  sentences  on  page  30,  but  it  is  not  until 
five  pages  later  that  the  reader  learns  via  a  parenthetical 
comment  that  these  are  simple  eyes.  About  a  dozen 
words  (other  than  headings  and  subheadings)  were 
selectively  chosen  to  appear  in  boldface  in  the  text  of  this 
book,  but  it  is  not  at  all  obvious  to  me  why  many  other 
terms  were  not  given  equal  status;  only  a  couple  of  the 
former  are  included  in  the  glossary.  Apparently  a 
typographical  error  resulted  in  the  transformation  of 
“psammophihc”  (=  sand  dune-inhabiting;  a  term  not 
found  in  most  dictionaries  )  in  the  text  (page  50)  to 
"sammophilic”  in  the  glossary.  Page  205  is  intended  to  be 
a  personal  checklist.  Except  for  the  title,  the  entire  text 


(i.e.,  numbers  and  scientific  names)  is  printed  in  a  heavily 
slanted,  italicized  font  that  I  found  difficult  to  read.  The 
list  contains  the  following  typographical  errors:  M 
Virginia  for  M.  virginica,  C.  duodecimgutta  for  C. 
duodecimguttata,  and  C.  nigior  for  C.  nigrior.  The  index 
is  limited  to  three  pages  but  appears  to  be  adequate.  Brief 
biographies  of  the  authors  appear  on  the  back  cover  in  the 
opposite  order  of  authorship.  Despite  a  few  minor 
problems,  I  enthusiastically  recommend  this  book  to 
anyone  interested  in  tiger  beetles  in  particular,  insects  in 
general,  or  endangered  species  and  conservation  biology. 
It  should  also  be  read  by  anyone  with  a  general  interest  in 
the  natural  history  of  the  south  Atlantic  states.  The 
serious  cicindelophile  should  read  Pearson  (1988)  m 
addition  to  this  book  because  Kmsley  and  Schultz  do  not 
cover  some  topics  that  were  treated  in  the  earlier  review. 

I  hope  that  the  Virginia  Museum  of  Natural  History  will 
continue  to  produce  more  titles  of  interest  to  a  wide  range 
of  natural  historians. 

i 
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The  Butterflies  of  West  Virginia  and  Their  Caterpillars, 
by  Thomas  J.  Allen.  1997.  University  of  Pittsburgh 
Press.  388  pp.  Available  in  hard  (ISBN  0-8229-3973-8, 
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about  $30)  or  soft  (ISBN  0-9229-5657-8;  about  $20) 
cover  from  your  local  bookstore  or  the  West  Virginia 
Division  of  Natural  Resources,  P.O.  Box  67,  Elkins,  WV 
26241  (phone  304-637-0245  for  more  information). 

This  comprehensive  summary  of  the  butterfly  and 
skipper  fauna  of  West  Virginia  is  the  result  of  about  a 
decade  of  work  by  the  author,  a  wildlife  biologist  for  the 
West  Virginia  Division  of  Natural  Resources.  The 
collective  efforts  of  many  amateur  and  professional 
lepidoptenists  in  the  state,  particularly  in  gathering 
distributional  records,  also  were  important.  This  book 
measures  6x9  inches  and  is  nearly  an  inch  thick.  The 
attractive  front  cover  contains  color  photographs  of  three 
adult  butterflies  and  one  caterpillar.  The  binding  on  my 
soft  cover  copy  appears  capable  of  withstanding  a  lot  of 
use.  I  found  that  the  font  size  and  style  made  for  easy 
reading,  even  though  the  right  margin  is  not  justified. 

Introductory  chapters  cover  such  topics  as  the 
geography,  climate  and  habitats  of  West  Vn'gmia,  the 
anatomy  and  life  cycle  of  butterflies,  and  butterfly 
gardening.  Also  included  are  suggestions  for  how  to 
study  butterflies,  including  observing,  photographing  and 
rearing  as  well  as  collecting  and  curating  specimens.  One 
topic  that  was  not  covered  but  might  have  been  worthy  of 
inclusion  is  a  history  of  butterfly  studies  in  the  state. 

The  few  minor  problems  that  I  detected  in  this  part  of 
the  book  pertained  primarily  to  some  of  the  figures.  The 
county  outline  map  (Figure  1)  is  rather  poorly  labeled. 
The  last  letter  or  two  of  several  county  names  is  obscured 
by  county  boundaries,  whereas  the  labels  for  Monongalia 
and  Pocahontas  counties  are  missing  their  final  1  -2  letters. 
Also,  it  is  not  obvious  to  me  why  Kanawha  County  is 
divided  into  two  parts.  The  county  outline  map  in  Green 
&  Pauley  (1987),  also  published  by  the  University  of 
Pittsburgh  Press,  is  considerably  better.  The  shading 
schemes  in  Figure  3  for  pme-oak  hardwoods  and  spruce- 
fir  are  reversed  and  in  Figure  6,  proboscis  is  misspelled 
and  the  labial  palpus  is  nearly  invisible.  The  most 
obvious  typographical  error  is  that  the  last  line  of  Chapter 
5  ends  in  mid-sentence;  the  remainder  of  this  sentence  can 
be  found  in  the  middle  of  the  next  page  below  the  heading 
for  Chapter  6. 

Chapter  6  consists  of  a  key  to  the  families  and 
subfamilies  of  butterflies  and  skippers  of  West  Virginia. 
The  remainder  of  the  text  (206  pages)  contains  the  species 
accounts,  with  brief  synopses  of  family  and  subfamily 
characteristics  and  biology  preceding  the  appropriate 
species.  The  author  has  prepared  line  drawings  of  wing 
venation  for  each  subfamily.  The  accounts  treat  1 30  taxa 
( 1 29  species;  cited  as  1 28  on  page  6  and  the  back  cover), 
including  85  butterflies  and  45  skippers.  None  of  these 
species  are  restricted  (i.e.,  endemic)  to  West  Virginia;  in 
fact,  four  of  these  species  (i.e.,  eyed  brown,  Persius 


duskywing,  confused  cloudywing  and  long-tailed  skipper) 
have  not  been  recorded  from  that  state  and  are  included 
only  as  hypotheticals.  All  but  five  of  the  species  (i.e.,  bog 
copper,  Gorgone  checkerspot,  Harris’  checkerspot, 
Milbert’s  tortoiseshell  and  eyed  brown,  plus  the  dull-eyed 
grayling  [a  subspecies])  treated  in  this  volume  have  been 
recorded  in  Virginia.  I  am  uncertain  of  the  status  of  the 
Canadian  tiger  swallowtail  in  Virginia,  although  Allen 
indicates  that  it  occurs  in  our  state.  The  Harris’ 
checkerspot  is  known  from  the  border  counties  of 
Pendleton  and  Pocahontas,  suggesting  that  this  species 
may  eventually  be  found  in  Virginia. 

The  species  accounts  are  well  wntten  and  include  the 
latest  taxonomic  revisions.  The  format  of  each  account 
includes  the  common  name;  scientific  name  (to 
subspecies  level),  author  and  year;  reference  to  color 
plates  containing  adult  and  larval  photographs;  county 
range  map;  description;  distribution  (rangewide  and  West 
Virginia);  habitat;  life  history  and  habits;  nectar  sources; 
and  larval  host  plant.  The  county  range  maps  do  not 
distinguish  between  sight,  photographic  and  voucher 
specimen  records.  Most  of  the  biological  data  presented 
are  reportedly  based  on  West  Virginia  populations,  but 
literature  is  cited  vary  sparingly,  so  the  reader  is  not 
always  certain  what  information  is  based  on  the  author's 
personal  observations  versus  other  sources.  Among  the 
many  facts  presented  is  the  observation  that  both  the  regal 
ffitillary  (Speyena  idalia)  and  grizzled  skipper  (Pyrgus 
centaureae  wyandot)  have  declined  precipitously  in  West 
Virginia  in  recent  decades;  the  former  may  now  be 
extirpated  from  that  state.  These  species  are  now  very 
rare  in  Virginia  also. 

Fifty  color  plates  (grouped  together)  follow  the 
species  accounts.  The  first  30  plates  are  of  mounted 
specimens  of  adult  butterflies  and  skippers  photographed 
against  a  white  background.  The  vast  majority  of  these 
plates  are  reproduced  at  life  size  and  key  characters  for 
each  species  are  mentioned  in  the  plate  descriptions. 
Unfortunately,  most  of  the  adult  plates  in  my  copy  of  this 
book  are  either  overexposed  or  were  printed  too  light, 
because  they  are  washed  out  (e.g.,  compare  Plates  25  and 
26).  Some  specimens  on  Plate  4  (whites  and  sulphurs)  are 
nearly  invisible.  Multiple  individuals  of  all  species  were 
photographed  to  show  dorsal  and  ventral  color/pattem 
differences,  sexual  differences,  color  morphs,  and/or 
seasonal  forms.  The  plates  depict  1  -8  species  each;  for 
some  unknown  reason  the  Canadian  tiger  swallowtail 
(Papilio  canadensis)  does  not  appear  until  Plate  20, 
whereas  the  closely  related  eastern  tiger  swallowtail  (P. 
glaucus),  with  which  it  reportedly  hybridizes  in  the 
Appalachians,  was  shown  on  Plate  3. 

The  20  color  plates  of  larvae  (caterpillars)  and  pupae 
are  worth  the  price  of  the  book  alone.  Most  field  guides 
and  general  texts  on  butterflies  do  not  illustrate  these  life 
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stages.  The  photographs  were  taken  in  natural  settings 
and  most  are  very  good  closeups.  Furthermore,  the 
exposures  are  vastly  superior  to  the  adult  plates.  The  1 3 
larval  plates  include  113  species  (79  butterflies  and  34 
skippers)  and  the  7  pupal  plates  include  64  species  (48 
butterflies  and  16  skippers). 

Three  appendices  follow  the  plates.  They  contain  lists 
of  the  scientific  and  common  names  of  plants  and 
butterflies  (the  latter  can  be  used  as  a  checklist  by  the 
reader)  mentioned  in  the  text,  plus  collection  information 
(14  pages  worth)  for  all  of  the  adult  specimens  that  appear 
on  the  color  plates.  There  are  a  few  typographical  errors 
in  the  species  lists  and  two  common  names  are  italicized. 

A  6-page  glossary  includes  182  terms  ranging  from 
aberration  to  xenc.  The  bibliography  is  limited  to  48 
references,  only  three  of  which  pertain  primarily  to 
previous  butterfly  studies  in  West  Virginia.  I  would  have 
liked  to  have  seen  more  original  papers  pertaining  to  the 
state’s  fauna  included  in  the  bibliography.  The  book  ends 
with  a  6-page  index,  where  someone  neglected  to  italicize 
many  of  the  scientific  names. 

In  summary,  despite  a  few  minor  problems,  this  is  an 
excellent  book  that  I  recommend  to  anyone  with  an 
interest  in  butterflies  and  skippers  of  our  region.  With  the 
exception  of  species  restricted  to  the  Coastal  Plain,  it 
covers  most  of  the  butterfly  and  skipper  fauna  that 
inhabits  Virginia.  The  plates  of  caterpillars  and  pupae  are 
especially  significant  contributions.  Hopefully,  the 
quality  of  the  adult  plates  can  be  corrected  in  the  next 
printing.  As  I  noted  in  a  previous  review  (Roble,  1 995), 
there  is  a  need  for  a  similar  up-to-date  treatment  on  the 
butterflies  and  skippers  of  Virginia.  The  last  compilation 
(Clark  &  Clark,  1951)  was  published  nearly  a  half  century 
ago,  and  is  now  outdated  in  many  respects.  Hopefully,  a 
worthy  successor  will  appear  sometime  in  the  early  part 
of  the  next  century. 
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Caterpillars  of  Eastern  Forests ,  by  David  L.  Wagner, 
Valerie  Giles,  Richard  C.  Reardon  and  Michael  L. 
McManus.  1997.  Forest  Health  Technology  Enterprise 
Team,  Technology  Transfer  Publication  FFITET-96-34. 
U.S.  Department  of  Agriculture,  Forest  Service, 
Morgantown,  West  Virginia.  113  pp.  Currently  available 
at  no  charge  from  U.S.  Department  of  Agriculture,  Forest 
Service,  180  Canfield  Street,  Morgantown,  WV  26505. 

This  glossy,  book-sized  (8.5  x  11  inches)  manual, 
which  is  essentially  a  significantly  expanded  version  of 
the  booklet  by  Wagner  et  al.  (1995),  was  published  in 
November  of  1 997  and  is  already  in  its  second  printing. 
It  provides  an  excellent  introduction  to  the  common 
forest-dwelling  caterpillars  of  the  eastern  United  States. 
The  authors  state  that  it  was  written  primarily  to  help 
forest  managers,  extension  entomologists  and 
nonspecialists  identify  many  of  the  most  frequently 
encountered  caterpillars  in  the  region.  They  also  hope 
that  this  publication  will  increase  awareness  of  the  rich 
biodiversity  of  the  caterpillar  fauna  of  forest  ecosystems 
in  the  East. 

Despite  the  fact  that  more  than  5000  species  of 
Lepidoptera  (mostly  moths)  inhabit  the  eastern  half  of 
North  America  (at  least  half  of  them  are  found  in  forests), 
few  references  (e.g.,  McCabe,  1991;  Wright,  1993)  are 
available  that  contain  descriptions,  illustrations  or 
photographs  of  the  immature  forms.  This  is  unfortunate, 
because  the  caterpillars  of  some  moth  genera  are  more 
distinctive  than  the  adults.  The  authors  of  this  manual 
point  out  that  the  caterpillars  of  about  10%  of  the  moth 
species  found  in  the  East  are  still  undescribed,  and  that  the 
published  descriptions  for  many  additional  species  are 
incomplete.  They  stress  that  amateur  lepidoptensts  and 
general  naturalists  thus  have  a  genuine  opportunity  to 
make  important  contributions  to  our  knowledge  of  these 
msects.  The  authors  also  note  that  diagnostic  photographs 
are  lacking  for  the  caterpillars  of  many  forest-dwelling 
moths  in  our  region. 

This  publication  begins  with  brief  overviews  of  the 
life  cycle  of  Lepidoptera  (butterflies  and  moths)  and 
caterpillar  anatomy  (accompanied  by  a  well-labeled  line 
drawing),  followed  by  methods  for  collecting,  rearing  and 
preserving  caterpillars  (including  how  to  obtain  eggs  from 
mated  females).  The  authors  did  not  prepare  an 
identification  key  because  they  treat  only  a  small  fraction 
(245  species)  of  the  total  fauna.  Good  to  excellent  color 
photographs  (all  2x3  inches)  are  provided  for  the 
caterpillars  of  210  species,  including  12  butterflies,  2 
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skippers,  185  “macro”  moths  (1 1  families)  and  1 1  “micro” 
moths  (2  families).  More  than  one  photograph  is  provided 
for  three  species,  with  the  gypsy  moth  ( Lymantria  dispar ), 
an  introduced  pest  species  of  significant  economic 
importance,  taking  top  honors  with  three  photographs. 
Most  of  the  photographs  are  clearly  superior  to  the  color 
illustrations  prepared  by  Wright  (1993)  for  the 
corresponding  species.  Moth  families  that  are  best 
represented  by  photographs  are  the  Noctuidae  (58 
species),  Geometridae  (38),  Notodontidae  (32), 
Sphingidae  (20)  and  Satumiidae  (14).  Within  families, 
species  with  similar  caterpillars  are  grouped  together, 
rather  than  following  a  strict  phylogenetic  arrangement. 
Key  characters  that  can  be  used  to  identity  the  caterpillars 
of  35  additional  species  (from  similar-looking  species 
included  among  the  photographs)  are  also  included. 
Although  not  specifically  stated  in  the  text,  I  am  aware  of 
the  fact  that  some  of  the  specimens  photographed  for  this 
publication  were  collected  in  western  Virginia.  The 
remarkable  diversity  of  color,  pattern  and  form  exhibited 
by  the  regional  moth  fauna  is  well  documented  by  this 
manual.  The  photograph  of  To  type  velleda  (page  23)  is 
particularly  noteworthy  for  showing  camouflage 
coloration  in  caterpillars. 

There  is  a  brief,  one-paragraph  introduction  to  the 
each  of  the  families  treated  in  this  guide  that  discusses 
larval  anatomy,  behavior  and  ecology.  Brief  species 
accounts  (2-3  per  page)  appear  directly  beside  the 
photographs.  They  contain  a  brief  description  of  the 
caterpillar  (emphasizing  diagnostic  features),  food  plants 
(common  names  only),  period  of  seasonal  occurrence 
(months),  and  known  or  estimated  number  of  annual 
generations  (including  latitudinal  differences  if  any). 
Among  the  tidbits  of  information  included  in  the  various 
species  accounts  are  such  facts  as  some  caterpillars  feed 
on  lichens,  others  on  fallen  leaves,  and  still  others  are 
predatory.  We  also  learn  that  the  caterpillar  of  the  walnut 
sphinx  ( Cressonia  juglandis )  may  produce  a  whistlelike 
hiss  when  handled;  Wagner  et  al.  (1995)  described  this 
sound  as  a  “mouselike  squeak”  and  stated  that  it  is 
presumably  made  by  forcing  air  out  through  the  spiracles. 
Another  interesting  fact  that  was  included  in  the  booklet 
but  omitted  from  this  manual  is  that  larvae  of  the  variable 
oakleaf  caterpillar  ( Lochmaeus  manteo )  release  formic 
acid  (which  can  potentially  cause  skm  blisters)  when 
disturbed.  One  item  that  is  missing  from  all  of  the  species 
accounts  and  probably  should  have  been  included  is  the 
typical  size  (or  size  range)  of  last  instar  larvae. 

The  authors  note  that  the  caterpillars  of  some  species 
exhibit  more  than  one  color  or  pattern  form.  Also,  the 
various  mstars  of  some  species  may  be  very  different  in 
color,  form,  and/or  behavior.  Therefore,  novice  users  of 
this  guide  should  realize  that  a  single  photograph  is 
inadequate  to  help  them  identify  these  species.  The 


authors  also  state  that  many  of  the  caterpillars  that  they 
photographed  for  inclusion  in  the  book  were  not  reared  to 
adulthood.  Consequently,  two  of  their  identifications  are 
uncertain  (indicated  by  question  marks)  and  a  third 
species  was  identified  only  to  the  level  of  a  species 
complex.  It  is  worth  noting  that  the  authors  consulted 
with  several  of  the  leading  experts  regarding  the 
identifications  of  various  caterpillars  included  in  this 
publication. 

The  bibliography  contains  26  references,  including 
most  of  the  standard  volumes  used  by  moth  researchers. 
A  3 -page  glossary  includes  59  terms  ranging  from 
abdomen  to  vertex.  There  are  two  indexes  that  appear  to 
be  very  thorough.  One  covers  the  common  names  of  food 
plants  mentioned  in  the  species  accounts  and  the  other 
includes  both  the  common  and  scientific  names  of  all 
caterpillars  treated  in  the  manual.  I  should  note  that  some 
species  have  different  common  names  for  their  caterpillar 
and  adult  stages  (all  the  more  reason  to  learn  scientific 
names).  The  authors  state  that  they  coined  common 
names  for  some  species  (it  is  not  obvious  which  ones  they 
are)  if  none  was  previously  available. 

A  comparison  of  this  publication  with  the  booklet  by 
Wagner  et  al.  (1995)  reveals  that  the  length  (31  pages), 
format  (ca.  5.5  x  8.5  inches),  photographs  (ca.  1.3  x  2 
inches)  and  number  of  treated  species  (51)  of  the  latter 
were  considerably  reduced.  Wagner  et  al.  (1995) 
emphasized  known  pest  or  outbreak  species,  but  also 
included  some  commonly  encountered  species  of  less 
economic  importance.  Species  that  were  treated  only  in 
the  booklet  are  limited  to  four  “micro”  moths  plus  a 
sawfly  (Order  Hymenoptera)  larva.  By  my  count,  27 
photographs  were  used  in  both  publications,  but  the 
orientation  of  nearly  half  of  these  was  reversed  for  some 
unknown  reason.  A  few  of  the  photographs  were 
improved  by  more  liberal  cropping  the  second  time 
around.  The  quality  of  the  color  reproduction  also  is 
generally  better  in  the  manual,  with  more  vivid  greens  in 
particular.  However,  shadows  appear  darker  and  several 
photographs  in  the  manual  (e.g.,  Schizura  concinna )  are 
almost  too  dark,  especially  when  compared  directly  with 
their  original  reproduction  in  the  booklet.  The  photograph 
identified  as  Datana  ministra  by  Wagner  et  al.  (1995) 
appears  in  the  recent  publication  as  D.  drexelii,  with  key 
differences  from  the  former  species  noted  in  the  text.  The 
only  scientific  name  change  between  the  two  publications 
is  the  transfer  of  the  walnut  sphinx  from  Lao t hoe  to 
Cressonia. 

Caterpillars  of  Eastern  Forests  is  a  well-done 
publication  of  which  the  authors  and  the  U.S.  Forest 
Service  can  be  proud.  It  is  well  written  and  contains 
virtually  no  grammatical  or  typographical  errors.  It 
should  prove  to  be  a  useful  reference  for  both  amateur  and 
professional  lepidopterists.  I  also  recommend  this 
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publication  to  anyone  with  even  a  very  casual  interest  in 
moths  and  butterflies.  If  you  have  ever  wondered  what 
that  unusual  or  attractive  caterpillar  was  that  you  found  in 
your  backyard  or  during  a  hike  in  the  forest,  you  may  be 
able  to  obtain  the  answer  in  this  fine  (and  currently  free) 
publication. 
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Reports 

1.  Fifth  Annual  Meeting  of  the  Virginia  Natural  History 
Society 

The  annual  meeting  of  the  VNHS  was  held  on  28 
May,  1998,  at  George  Mason  University,  Fairfax,  VA,  in 
conjunction  with  the  Natural  History  and  Biodiversity 
Section  of  the  Virginia  Academy  of  Science.  New  Section 
Officers  were  elected  for  the  1 999  meeting:  Section  Chair, 
Werner  Wieland,  Mary  Washington  College;  Section 
Secretary,  Sandra  Erdle,  Virginia  Natural  Heritage 
Program,  Section  Council  Representative,  Michael 
Kosztarab,  Virginia  Tech;  and  Section  Vice  Chair, 
Barbara  Abraham,  Hampton  University.  At  the  business 
meeting  of  VNHS,  called  to  order  by  Dick  Neves,  Dr. 
Werner  Wieland  accepted  a  nomination  to  candidacy  as 
vice  president  of  the  society.  Dick  Neves  reviewed  the 
fiscal  report,  discussed  solicitation  of  councilors,  and 
reviewed  the  status  of  Banisteria  to  attending  members. 

The  following  papers  were  presented: 

Terrestrial  invertebrates  of  the  historical  Great  Dismal 


Swamp:  Preliminary  results.  B.J.  Abraham,  S.Y.  Erdle, 
and  J.F.  Pagels. 

Glycerol  toxicity  of  Eld’s  deer  spermatozoa  in  preparation 
for  cryopreservation.  A.  Brown,  S.  Monfort,  M.  Bush,  R. 
Spmdler,  D.  Wildt,  and  T.  Wood. 

Virginia’s  natural  area  preserves:  diverse  sites  and  unique 
opportunities  for  research.  S.Y.  Erdle  and  R.K.  Myers. 

Cold  shock  parameters  of  Eld’s  deer  spermatozoa 
collected  by  electroejaculation.  A.  Garcia,  S.  Monfort,  R. 
Spmdler,  D.  Wildt,  and  T.  Wood. 

Ant  biodiversity  m  a  longleaf  pine  forest  at  the 
Blackwater  Ecologic  Preserve.  L.  Hembree  and  D. 
Waller. 

Host  fish  identification  and  artificial  culture  of  two 
federally  endangered  freshwater  mussels,  the  fanshell 
pearlymussel,  Cyprogenia  stegaria,  and  the  birdwing 
pearlymussel,  Lemiox  rimosus.  J.W.  Jones  and  R.J. 
Neves. 

Competition  between  two  sympatric  termite  congeners 
(Isoptera:  Rhinotermitidae:  Reticulitermes).  J.  Mathew 
and  D.  Waller. 

Heterogenic  spawning  between  Campostoma  a. 
anomalum  and  Nocomis  l.  leptocephalus  (Acinopterygn: 
Cyprimdae).  E.G.  Maurakis,  W.L.  Woolcott,  and  M.H. 
Sabaj. 

Breeding  behaviors  in  Notropis  a l bonis  (Acinopterygn: 
Cyprimdae).  C.M.  Newman,  E.  Maurakis,  and  C.M. 
Stinson. 

A  survey  of  ectoparasites  in  abandoned  songbird  nests  in 
the  Virginia  Zoological  Park,  Norfolk,  VA.  H.  Revis  and 
J.  Neely. 

Differential  use  of  pitcher  plant  species  as  nesting  sites  by 
Isodontia  wasps.  P.  Sheridan  and  D.  Karowe. 

Invertebrate  database  management  system  for  military 
areas.  K.J.  Stein,  J.  Mitchell,  and  J.L.  Waldon. 

A  new  locality  for  Etheostoma  fusiforme  on  the  Coastal 
Plain  of  Virginia  (Pisces:  Percidae).  W.  Wieland. 

2.  Report  of  the  Editors 

Neither  of  the  co-editors  were  able  to  be 
present  at  the  meeting  in  May.  Although  we  were  unable 
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to  do  it  in  person,  we  still  need  to  encourage  our 
colleagues  and  VNHS  members  to  generate  enough 
manuscripts  to  fill  each  issue  of  Banisteria.  We  have  just 
enough  papers  to  make  a  relatively  thin  issue  for  the  Fall 
of  1998  (Number  12).  We  expect  that  number  13  will 
contain  the  papers  from  the  Big  Levels  Shenandoah 
Valley  sinkhole  ponds  complex  and  St.  Mary’s  River 
symposium,  and  are  hopeful  that  the  additional  time  will 
allow  more  manuscripts  to  be  available  for  the  fall  and 
perhaps  spring  issues  (numbers  14  and  15). 

Respectfully  submitted, 

Joseph  C.  Mitchell  and  Richard  L.  Hoffman 
Co-editors 

Announcement 

1 .  Forthcoming  meetings 

Association  of  Southeastern  Biologists  -  14-17  April 
1999.  University  of  North  Carolina  at  Wilmington. 

Correction 

In  the  article  entitled  “Observations  on  nesting  by  a 
fence  lizard,  Sceloporus  undulatus  hyacinthus,  in 
Virginia”  which  appeared  in  Banisteria  1 1 :  47-49,  the  first 
line  of  paragraph  two  should  have  read  “At  1 420  h  on  8 
May  1997,  we  encountered...”. 

Instructions  for  Contributors 

Banisteria  accepts  manuscripts  of  one  to  several 
pages  in  length  that  contnbute  to  the  public  and  scientific 
knowledge  of  the  natural  history  of  Virginia.  This 
publication  is  intended  to  be  an  outlet  for  the  kind  of 
information  that  is  useful  but  would  not  be  accepted  in 
mainstream  journals  devoted  to  hypothesis  testing. 
Information  found  in  field  notebooks  and  files  that  never 
made  it  into  scientific  journals  is  especially  important. 
Banisteria’s  focus  is  classical  and  therefore  slanted 
toward  organismal  biology. 

Manuscripts  should  be  sent  in  duplicate  to  one  of  the 
Co-editors,  who  will  assign  them  to  an  appropriate  section 
editor,  who  in  turn  will  seek  one  or  sometimes  two 
reviews.  Reviews  of  manuscripts  written  by  a  section 
editor  will  be  handled  by  a  different  editor.  Authors 
should  retain  both  the  original  typescript  and  figures  until 
final  acceptance  for  publication.  Photocopies  are 
adequate  for  review  purposes. 

Manuscripts  must  be  wntten  on  one  side  of  standard 
size  paper  (8.5  x  11  inches)  using  double  spacing 
throughout.  Words  should  not  be  hyphenated.  Put  only 


one  space  between  the  end  of  one  sentence  and  the 
beginning  of  another. 

Manuscripts  should  be  arranged  in  the  following 
order:  title,  author’s  name,  author’s  address,  text, 
acknowledgments,  literature  cited,  tables,  figure 
legends,  figures.  Long  manuscripts  should  have  standard 
sections,  eg..  Materials  and  Methods,  Results,  and 
Discussion.  Short  manuscripts  (<4-6  pages)  do  not  need 
these  named  sections.  All  pages  should  be  numbered, 
including  tables.  The  title  should  be  concise  but 
informative.  It,  and  the  author’s  name  and  address  should 
be  centered  at  the  top  of  the  first  page.  The  text  should 
begin  on  the  first  page  beneath  the  author’s  address.  Use 
good  judgment  on  arrangement  of  sections  when  other 
than  the  standard  approach  is  necessary.  Use  underlines 
for  species’  scientific  names. 

References:  Use  the  following  as  a  guide.  Do  not 
abbreviate  journal  names. 

Journal  article  with  1  author: 

Scott,  D.  1986.  Notes  on  the  eastern  hognose  snake, 
Heterodon  platyrhinos  Latreille  (Squamata:  Colubndae), 
in  a  Virginia  barrier  island.  Bnmleyana  12:51-55. 

Journal  with  2  authors: 

Tilley,  S.  C.,  &  D.  W.  Tinkle.  1968.  A  reinterpretation 
of  the  reproductive  cycle  and  demography  of  the 
salamander  Desmognathus  ochrophaeus.  Copeia 
1968:299-303. 

Journal  with  3+  authors: 

Funderburg,  J.  B.,  P.  Hertz,  &  W.  M.  Kerfoot.  1974.  A 
range  extension  for  the  carpenter  frog,  Rana  virgatipes 
Cope,  in  the  Chesapeake  Bay  region.  Bulletin  of 

the  Maryland  Herpetological  Society  10:77-79. 

Book: 

Harris,  L.  D.  1984.  The  Fragmented  Forest.  University 
of  Chicago  Press,  Chicago,  Illinois.  211  pp. 

Chapter  in  a  book: 

Gentry,  A.  H.  1986.  Endemism  in  tropical  versus 
temperate  plant  communities.  Pp.  153-181  In  M.  Soule 
(ed.),  Conservation  Biology'.  Sinauer  Associates,  Inc., 
Sunderland,  Massachusetts. 

Report: 

The  Nature  Conservancy.  1975.  The  preservation  of 
natural  diversity:  A  survey  and  recommendations.  Report 
to  the  U.S.  Dept,  of  Interior,  Washington,  D.C.,  189  pp. 
(Include  report  series  and  number  if  present). 
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Tables:  Each  table  should  be  typed  on  a  separate  sheet  of 
paper.  A  legend  for  each  table  should  follow  the  number 
and  must  be  on  the  same  page  as  the  table.  Ruled, 
horizontal  lines  should  be  avoided  except  at  the  top  and 
bottom  of  the  table. 

Figures:  Black  and  white  line  drawings  are  acceptable  for 
publication.  They  should  be  less  than  21.5  x  28  cm  in 
size.  The  back  of  each  figure  should  be  labeled  with  the 
author’s  name. 

Photographs:  Banisteria  will  accept  high  contrast  black 
and  white  photographs.  Submit  at  least  5x7  inch  photos 
and  mount  them  if  possible. 

Abbreviations:  The  following  common  abbreviations  are 
accepted  in  Banisteria:  n  (sample  size),  no.  (number). 


SVL  (snout- vent  length;  define  on  first  usage),  yr  (years), 
mo  (months),  wk  (weeks),  h  (hours),  mm  (minutes),  s 
(seconds),  P  (probability),  df  (degrees  of  freedom),  SD 
and  SE  (standard  deviation  and  standard  error),  ns  (not 
significant),  1  (liter),  g  (gram),  mm  (millimeter),  and  C 
(degrees  Celsius).  Do  not  abbreviate  “male”  and 
“female”,  dates,  or  undefined  terms. 

Electronic  transfer  of  manuscripts:  Once  a  manuscript 
has  been  accepted  for  publication,  one  paper  copy  and  an 
electronic  copy  on  a  3.5  inch  diskette  should  be  sent  to 
R.L.  Hoffman  at  the  Virginia  Museum  of  Natural  History. 
Use  IBM-compatible  systems  and  Word  Perfect. 

Reprints:  Reprints  are  not  provided.  However,  authors 
and  their  institutions  may  photocopy  their  own  articles  for 
personal  use  and  for  exchange  purposes. 
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